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FIFTY-EIGHTH ANNUAL REPORT 
OF THE 
SE CRE hak Y 


OF THE 


State Board of Agriculture 


OF THE 
STATE OF MICHIGAN 
AND 
THIRTY-SECOND ANNUAL REPORT 


OF THE 


PX PERIMENT STATION 


FROM 


JULY 1, 1918, TO JUNE 30, 1919 


FORT WAYNE PRINTING COMPANY 
CONTRACTORS FOR MICHIGAN STATE PRINTING AND BINDING 
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REPORT OF THE SECRETARY 
OF THE 


STATE BOARD OF AGRICULTURE 


East Lansine, Micu., July 1, 1919. 


To Hon. ALBERT E. SLEEPER, 
_ Governor of the State of Michigan: 


Srir—I have the honor to submit to you herewith, as required by law, 
the accompanying report for the fiscal year ending June 30, 1919, with 
supplementary papers. 

Very respectfully, 
ADDISON M. BROWN, 
Secretary of the State Board of Agriculture. 
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SATE BOARD OR AGRICULTURE 


Term expires. 
ROBERT D. GRAHAM, Grand Rapids. ...1st Monday January, 1920 
CHAIRMAN OF THE BOARD. 


ALFRED J. DOHERTY, Clare..-....:....-.1st Monday January, 1920 
WILLIAM H. WALLACE, Saginaw........1st. Monday January, 1922 
I ROY WATERBURY, Detroit.............:1st. Monday January, 1922 
JOHN W. BEAUMONT, Detroit...........1st Monday January, 1924 
JASON WOODMAN, Paw Paw...... .. lst Monday January, 1924 
FRED L. KEELER, Supt. or PuBLic iasansine TRON gy eens At: Ex-Officio 
FRANK 8S. KEDZIE, PrrEsipENT OF THE COLLEGE...........EH2x-Officio 


ADDISON M. BROWN, East Lansing, Secretary. 
BENJAMIN F. DAVIS, Lansing, Treasurer. 


STANDING COMMITTEES 


DIVISIONS OF AGRICULTURE AND OF 


VETERINARY SCIENCE...........1. R. Waterbury, R. D. Graham. 
DIvIsIoN OF ENGINEERING.........A. J. Doherty, J. W. Beaumont. 
Diviston oF Homer Economics.....Jason Woodman, I. R. Waterbury. 
DIVISION OF SCIENCE AND LetTEeRS .J. W. Beaumont, W. H. Wallace. 
EXPERIMENT STATION............. W. H. Wallace, A. J. Doherty. 
NEWONWEG. ol... 05.2.5 4c. a2. seme. 1, Graham, J. W. beaumont, 
SUNGAUNOH icc. Seek Sr, ee 3 SD ee: R. D. Graham, W. H. Wallace. 
CoLLEGE ExtTENnsion Diviston.....A. J. Doherty, Jason Woodman. 


BUILDINGS AND COLLEGE ProprrRty.I. R. Waterbury, Jason Woodman. 
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MICHIGAN AGRICULTURAL COLLEGE 
(Under Control of the State Board of Agriculture.) 


FRANK 8. Kepzin, D. Se., President. 

JONATHAN L. SNYDER, Ph. D. , LL. D., President Emeritus. 

Roser 8. SHaw, B. S A., Dean of ‘Agric ulture; Director of Experiment 
Station. 

GEORGE W. BissEuL, M. E., Dean of Engineering. 

Ricuarp P. Lyman, M. D. V., Dean of Veterinary Medicine. 

Mary E. Epmonps, B.8., Dean of Home Economics; Professor of Domes- 
tic Science. 

WivzBur O. Heprick, M.8., Ph. D., Professor of Economics. 

HERMAN K. VeppER, C. E., Professor of Civil Engineering. 

WALTER B. Barrows, B.S., Professor of Zoology and Physiology; Curator 
of the General Museum. 

Rurus H. Pertir, B.S. in Agr., Professor of Entomology. 

Appi1son M. Brown, A. B., Secretary of the College. 

E1iipa YAKELBY, Registrar. 

ARTHUR R. Sawyer, E. E., Professor of Electrical Engineering. 

A. CrosBy ANDERSON, B.S8., Professor of Dairy Husbandry. 

Epwarp H. Ryprr, M. A., M. Pd., Professor of History; Director of 
Summer School. 

Arthur J. Clark, A. B., Professor of Chemistry. 

*JosEpPH A. Poison, M. E., Professor of Mechanical Engineering. 

CHARLES W. CuapMAN, A. B., Professor of Physics. 

Warp GittngER, D. V. M., M.8., Professor of Bacteriology and Hygiene. 

*Harry J. Eustacer, M. H., Professor of Horticulture. 

WaLrter H. Frencu, M. Pd., M.S8., Professor of Agricultural Education. 

Ernst A. BESSEY, Ph. Des Professor of Botany. 

WILLIAM W. JOHNSTON, Professor of English Literature and Modern 
Languages. 

Louis C. Puant, Ph. B., M.S., Professor of Mathematics. 

Merris M. McCoon, M.8., Ph. D., Professor of Soils. 

ALFRED K. CHITTENDEN, M. F., Professor of Forestry. 

Rosert K. Strewarp, C. E., Professor of Drawing and Design. 

Masor Puituie G. Wricutson, M. §., Professor of Military Science 
and Tactics. 

Custer L. Brewer, Director of Athletics. 

CuHaArLES P. Hauuican, B.S8., Professor of Landscape Gardening. 

Henry B. Dirks, B. C., M. E., Professor of Mechanical Engineering. 

Cuar.es H. Burasss, A. B., Professor of Poultry Husbandry. 

JOSEPH F’. Cox, B.S. in Agr., Professor of Farm Crops. 

Harry H. MUSSELMAN, B.S. , Professor of Farm Mechanics. 

GEORGE A. BRown, B. 8. , Professor of Animal Husbandry. - 

WINIFRED 98. GErTEMY, Professor of Domestic Art. 

*ANNIE HOWARD, Adviser of, Women. 
FRANK W. CHAMBERLAIN, Dave M., Professor of Comparative Nera ona. 
CHacr NEWMAN, Associate Professor of Drawing. 
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Frank H. Sanrorp, M. F., Associate Professor of Forestry. 

RicHARD DEZEEUW, Ph. D., Associate Professor of Botany. 

Luoyp C. Emmons, A. M., Associate Professor of Mathematics. 

GrorGe H. Coons, A. M., Ph.D., Associate Professor of Botany in charge 
of Plant Pathology. 

Cyrus A. Menick, D. C. E., Associate Professor of Civil Engineering. 

Harotp W. NewHatu, B. 8. A., Associate Professor of Dairy Manufac- 
tures. 

Raupu C. Husron, M.8., Ph. D., Associate Professor of Chemistry. 

Joun- P. Hurron, D. V. M., Associate Professor of Veterinary Surgery. 

Euam T. Hatuman, D. V. M., Associate Professor of Animal Pathology. 

LAWRENCE N. Frie.p, B. M. E., Associate Professor of Drawing and Design. 

Harry 8. Rreep, B.38., Associate Professor of Chemistry. 

Ei. SYLVESTER KING, Associate Professor of Public Speaking. 

Epna M. Garvin, B.S8., Associate Professor of Domestic Science. 

Cuarwes E. Mixuar, M.S., B.S. A., Associate Professor of Soils 

Wiuuram FE. Laycock, A. B., Associate Professor of Physics. 

Merton M. Cory, E. E., Associate Professor of Electrical Engineering. 

THomas Gunson, Assistant Professor of Horticulture and Superintendent 
of Grounds. 

BENJAMIN B. Rosesoom, Jr., B. S., Assistant Professor of Physiology. 

Maurice F. Jonnson, M. C. E., Assistant Professor of Mathematics. 

Frepprick A. Burt, B.8., Assistant Professor of Geology. 

CHARLES H. Spurway, M. A., Assistant Professor of Soil Physics. 

Bruce E. Harrsucn, A. B., Assistant Professor of Chemistry. 

CHARLES 8. Dunrorp, M. A., Assistant Professor of Economics. 

CHARLES B. Mircuetu, M. A., Assistant Professor of Public Speaking. 

ALLEN C. Concer, M. A., Assistant Professor of Zoology. 

Guy G. SpeEKER, M. A., Assistant Professor of Mathematics. 

CiaupbE M. Capg, C. E., Assistant Professor of Civil Engineering. 

REN G. Saxton, C. E., Assistant Professor of Civil Engineering. 

EviwAn L. Grover, B.8., Assistant Professor of Agricultural Education. 

Dwicut T. Ewinc, M.8., Assistant Professor of Chemistry. 

*ALFRED IppueEs, M. E., Assistant Professor of Drawing. 

Henry T. Daruineton, M.38., Assistant Professor of Botany. 

Epwarp F. Woopcock, M. A., Ph. D., Assistant Professor of Botany. 

GEORGE M. GRANTHAM, B.S8., Assistant Professor of Soils. 

Joun E. Burnett, B.S., Assistant Professor of Dairy Husbandry. 

WALTER E. Revtine, B.S., in M. E., Assistant Professor of Mechanical 
Engineering. 

**JAMES W. Bennzr, D. V. M., Assistant Professor of Veterinary Med:cine. 

Howarp EK. Jounson, D. V. M., Assistant Professor of Comparative 
Anatomy. 

JoHN W. Stewarp, B. M. E., Assistant Professor of Drawing. 

Marruew E. Drxon, B.8., Assistant Professor of Poultry Huusbandry. 

Ciive R. Mercer, A. M., Assistant. Professor of Farm Crops. 

Everett H. Douerry, M.S., Assistant Professor of Chemistry. 

STANLEY E. Crowe, A. B., Assistant Professor of Mathematics. 

ARNOLD G. SCHEELE, A. M., Assistant Professor of Drawing. 

Hitpa Faust, B. A., Assistant Professor of Domestic Science. 

tUSSELL A. RUNNELLS, D. V. M., Assistant Professor of Animal Pathol- 
OLy. 


*Emprson A. Anmsrrona, B. S., Assistant Professor of Physics. 
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Pauu G. Anpres, B. 8., Assistant Professor of Electrical Engineering. 
Rosert EB. Lores, B. 8., Assistant Professor of Horticulture. 
CaROLINE Hout, Instructor in Drawing. 

Louise Freyhofer, B. 8., Mus. B., Instructor in Piano. 

Norma Giucurist Rosesoom, A. B., Instructor in English. 

Frank A. Spraae, M. §., Instructor in Farm Crops. 

Minnie A. W. Henprick, A. B., Instructor in History. 

§ Rosse M. Taytor, A. B., M. A., Instructor in Botany. 
ANTOINETTE C. Rosson, A. B., Instructor in French. 

ANDREW Watt, Instructor in Forge. 

Dewey A. SEELEY, M.S., Instructor in Meteorology. 

Eucenia I. McDantret, A. B., Instructor in Entomology. 

Berrua E. Toompson, A. B., M. A., Instructor in Botany. 

Louis B. Mayng, A. B., Instructor in English. 

Epitru W. Casuo, Instructor in Physical Culture; Assistant to the Dean. 
VERNE E. LeRoy, A. B., M. 8., Instructor in Zoology. 

Wituram M. WIsieE, A. M., Instructor in Mathematics. 

WaRREN W. Hircucock, C. E., Instructor in Civil Engineering. 
LoutsE I. CLemeEnNs; B. S., Instructor in Domestic Science. 

*FranK D. MrssENGER, B. 8., Instructor in Drawing and Design. 
Burt K. Puitp, C. E., Instructor in Civil Engineering. 

WiuuiaM EF. J. Epwarps, B.S. A., Instructor in Animal Husbandry. 
GEORGE E. GAUTHIER, B.58., Assistant Athletic Director. 

Henry L. Pustow, B. S., Instructor in Chemistry. 

Josepu W. Strack, B.38., Instructor in Zoology. 

°ARTHUR L. BrBBINs, B. 8., Instructor in Farm Crops. 

**CHARLES D. Batu, Jr., B. S., Instructor in Chemistry. 

Leo C. Hugues, A. M., Instructor in French. 

JAMES B. HassELMAN, B. S., Instructor in English. 

°ZELLA E. BiGELow, B.S., Instructor in Domestic Art. 

**HENRIK J. STAFSETH, B. 8., D. V. M., Instructor in Bacteriology. 
Ear.e H. Stewart, B.S8., in M. E., Instructor in Drawing. 
°STaNARD G. Bercaquist, A. B., Instructor in Zoology. 

**T AWRENCE C. WHEETING, M. 8., Instructor in Soils. 

“Homer M. Warp, B.38., Instructor in Civil Engineering. 

Roya G. BiaeLtow, B.38., Instructor in Mechanical Engineering. 
*CHarLes G. Noses, B. 8., Instructor in Bacteriology. 

“Harry C. Youne, M. §., Instructor in Botany. 

PerRy S. BRUNDAGE, B. S., Instructor in Chemistry. 

Ray B. Weaver, A. M., Instructor in English. 

**Royce W. WYANT, B.38., Instructor in Dairy Manufacture. 
FLORENCE A. STOLL, B. S8., Instructor in Domestic Art. 

GRACE SMILEY FREAR, B.S., Instructor in Domestic Art. 

BENJAMIN F Kinpia, Instructor in Apiculture; State Bee Inspector. 
Witson Duncan, Instructor in Blacksmithing. 

Freperick W. Fasian, B.58., Instructor in Bacteriology. 

“Myron B. CuapPin, Instructor in Drawing. 

**BEALS E. FRENCH, B.S8., Instructor in Chemistry. 

Rutu M. Keuyioaa, B. 8., Instructor in Domestic Science. 
°Howarp D Licursopy, M.58., Instructor in Chemistry. 

SereT. CHARLES H. Rosrnson, Instructor in Military Science and Tactics. 
ELIZABETH J. FRAZER, B. §8., Critic Teacher in Home Economics. 
Herman C, Lancs, A. B., Instructor in Chemistry, 


10 STATE BOARD OF AGRICULTURE. 


Haroup A. Ippuzs, B.8., Instructor in Chemistry. 

Edward F. Eldridge, B. 8., Instructor in Chemistry. 

Roy H. Cromtey, B. §8., Instructor in Chemistry. 

ARTHUR J. VANSPEYBROECK, Ph. D., Instructor in English. 
Omar M. Leset, Instructor in French. 

Epitrx BuTterR, Assistant Instructor in Drawing. 

Justus Risine, M. E., Instructor in Drawing. 

ANNA E. Bayna, B. A., Instructor in Domestic Art. 

Luci~tLte Kays Minar, B.S., in H. E., Instructor in Domestic Art. 
JANET Renwick, B. 8., Instructor in Domestic Art. 

Water L. MAtuman, B. §8., Instructor in Bacteriology. 
GrEORGE J. PostHumus, Instructor in Wood Shop. 

°Mrs. Paut Miuuer, Instructor in Domestic Art. 

Linpa E. Lanpon, Librarian. 

Lory F. NEwe tu, Engineer. 

BENJAMIN A. Faunce, Clerk to the President. 

Epwywn A. Bown, College Architect. 

ANDREW P. KRENTEL, Foreman of the Wood Shop. 

JACOB SCHEPERS, Cashier. 

RawupH 8. Hupson, B.S8., Farm Foreman. 

Mavup A. MEEcH, ‘Chief Clerk to the Secretary. 

EpWARD C. CRAWFORD, Shop Engineer. 

Louise E. WALswortu, Clerk to the Secretary. 

EvizABETH M. Pam, B.S., Assistant Librarian. 

BuancuHeE A. Brrcwarp, Clerk to the President. 

CHARLES D. Berts, Purchasing Agent. 

BertuHa A. HouuistER, A. B., State Seed Analyst. 

Jacos A. Eicuer, Foreman of the Foundry. 

ANNA L. FERLE, Assistant Registrar. 

Jesse J. HENDRYx, Foreman Forest Nursery. 

EILEEN FLETCHER, Clerk to the Secretary. 

Nancy L. Eastman, Matron College Residence. 

*SAMUEL Toms, Assistant in Farm Mechanics. 

A. McKercuer, V. S., Practicing Clinician. 

°Puitiep M. Hopaexins, B. 8., Graduate Assistant in Forestry. 
°RospertT L. Tween, B.S., Graduate Assistant in Bacteriology. 
**CARLYLE W. BennetTT, B. 8., Graduate Assistant in Botany. 
GERARD G. DikmMANns, B. §., Graduate Assistant in Bacteriology. 
RutxH Normineton, B.S8., Graduate Assistant in Bacteriology. 
Fanny Roacers Stewart, B. 8., Graduate Assistant in Domestic Science. 
Ciara Hunt, House Director in Women’s Building. 

Rospert Macktr, Herdsman. 

°H. Donatp Hoorman, Foreman Orchards. 

J. Ropert Duncan, Assistant in Farm Crops. 

GEORGE C. Wricut, B.8., Foreman of Machine Shop. 
WALTER C. Hitporr, B. 8., Foreman Forge Shop. 

Lroua Lewis, B.S., Library Assistant. 

*MasBeL WixtiiAms, House Mother Senior House. 

Mrs. Frank Porter, House Mother Howard Terrace. 

Mrs. H. E. Murpock, House Mother College Cottage. 
Cuirrorp W. McKipsin, M. F., Alumni Recorder. 

Mrs. C. 8. LEwrrenz, Hostess Eunomian House. 

Mrs. Minprep Osband, House Mother Senior House. 
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tD. JosepH LAMOREAUX, Assistant in Bacteriology. 
Raupu M. Harrorp, Assistant College Photographer. 
J. HINELINE, Laboratory Engineer. 

Cuirrorp N. Rix, Tool Room Attendant. 


EXPERIMENT STATION. 


ANDREW J. PaTTEN, B. S., Chemist. 

L. Zar Norturvp, A. M., M. H. E., Research Associate in Bacteriology. 
**CHARLES 9S. Ropinson, M.S., Ph. D., Research Associate in Chemistry. 
Myra V. Boaugz, Bulletin Clerk. 

ORRIN B. WINTER, A. B., Research Assistant in Chemistry. 

°GEORGE J. Bouyroucos, Ph. D., Research Associate in Soils. 

Rurus P. Hrpparp, Ph. D., Research Associate (Plant Physiology). 

°J. FRanK Moraan, M. A., Research Associate in Bacteriology. 

WALTER C. Dutton, B. S., Assistant in Horticulture. 

Frep T. RippE.., B. 8., Assistant in Dairying. 

**T estie H. CooLtepGeE, B.S., A. M., Research Associate in Bacteriology. 
**HLROY J. Miuuer, M. S., Assistant in Chemistry. 

EuGENE F. BERGER, B. §., Assistant in Chemistry. 

*THEODORE E. FRIEDEMANN, B.S., Assistant in Chemistry. 

Car F. Barnum, B.S., Chief Inspector Feeds and Fertilizers. 

°HUGENE E. Down, B. 8., Assistant in Farm Crops. 

°T. Forest Huppueson, M. S., Research Assistant in Bacteriology. 
Horace W. Norton, Jr., B. 8., Investigator in Live Stock. 

Ezra A. HEeBARD, Inspector Feeds and Fertilizers. 

°RayMOND NELSON, B.S., Assistant in Plant Pathology. 

Goprrey L. A. REvHLE. Ph. D., M.S., Research Assistant in Bacteriology. 
Arnot L. Lewis, B. 8., Assistant in Chemistry. 

Marion L. GRETTENBERGER, B. S., Assistant in Chemistry. 

**STANLEY J. BROWNELL, Assistant in Dairying. 

Ray Baker, Assistant in Dairying. 

WALLACE L. CHANDLER, M.S., Ph. D., Research Assistant in Entomology. 
FLoyp Curtis, Assistant in Farm Crops. 

GEORGE W. Putnam, Farm Crops Breeder. 

Ceci, W. Simpson, B. S., Investigator in Soils. 

Avueust H. Trsks, Inspector Feeds and Fertilizers. 

Luioyp ATKINS, Assistant in Dairying. 

*Prercy O’Mrara, B.S., Assistant in Chemistry. 


© Absent on leave. 
* Resi 


D "6, 5 
t Deceased Feb. 27,'19. i 
** Returned from military service. 


AGRICULTURAL EXPERIMENT STATION 


OF 


THE 


MICHIGAN AGRICULTURAL. COLLEGE 


(Under control of the State Board of Agriculture) 


STATION COUNCIL. 


FrANKS. Kepziz, M.S., D. Se., 
President Ex-officio. 
Rosert S. Suaw, B.S. # 


Director. 
Warp Gittner, D. V. M., M.S., 
Bacteriologist. 


*Harry J. Eustace, B.S. M. H., 
Hortie -ulturist and Vice Director. 
ALFRED K. CHITTENDEN, M. F. 
Forester. 
A. Crosspy ANDERSON, B.S., 
Dairy Husbandman. 
Rurus H. Pettit, B.S. A., 
aero eR. 
ELAM T. HabLuMaNn, D. V.\ 
y eterinarian. 


ANDREW J. Patten, B. S., Chemiste 
Merris M. McCootz, Ph. D., 
Soil Physicist. 
Ernst A. Bessey, Ph. D., Botanist. 
JOSEPH F’. Cox, B.S. A., 
Farm Crops. 
CHARLES P. Hatuican, B.S., 
; Assoc. Horticulturist. 
GerorGE A. Brown, B.S., 
, Animal Husbandman. 
Harry H. Mussetman, B.S., 
Farm Mechanics. 
CHARLES H. Burcess, A. B., 
Poultry Husbandman. 
Appison M. Brown, : 
Secretary. 


ADVISORY AND ASSISTANT STAFF. 


°James F’. Moraan, M.A., 
Research Asso. in Bacteriology. 
L. ZaE NortTuRuvp, B.S.,A.M., M. H. E., 
Research Asso. in Bacteriology. 
**LesLIE H. CooLenDGE, A. M., 
Research Asso. in Bacteriology. 
Rurus P. Hrssarp, Ph. D., 
Research Asso. in Plant Physiology. 
GerEorRGE H. Coons, Ph. D., 
Research Asso. in Plant Pathology. 
Frank A. Spraaca, M. S. Research 
Asso. in Farm Crops (Plant Breeding). 
**CHARLES S. Ropinson, Ph. D., 
Research Asso. in Chemistry. 
°GrorGE J. Bouyoucos, Ph. D., 
Research Asso. in Soils. 
**HLRoY J. Miuuer, M.S., 
Research Asst. in Chemistry. 
°T. Forrest Huppieson, B.S., M.S., 
Research Asst. in Bacteriology. 


Goprrey L. A. Revue, Ph. D., M. S.’ 
Research Asst. in Bacteriology- 
oHENRIK J. StarsetuH, B. S., D. V. M., 
Research Asst. in Bacteriology. 
OrRIN B. Winter, A. B., 
Research Asst. in Chemistry. 
EUGENE F. Berce_er, B.S., 
Asst. in Chemistry. 
Arnot Lewis, B.S., 
Asst. in Chemistry. 
Kucenta I. McDantet, A. B., 
Asst. in Entomology. 
WALLACE L. CHANDLER M.S., Ph. D., 
Asst. in Entomology. 
WALTER C. Dutton, B.S., 
Asst. in Horticulture. 
°RAYMOND NELSON, B.S., 
Asst. in Plant Pathology. 
Grorcr W. Putnam, 
Farm Crops Breeder. 
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FLoyp Curtis, 
Asst. in Farm Crops. 
Marion L. GReTTENBERGER B. S., 
Asst. in, Chemistry. 
°oMUGENE FE. Downs, B.S., 
Asst. in Farm Crops. 
Ray BAKER, 
Asst. in Dairying. 
**STANLEY J. BROWNELL, B.S., 
Asst. in Dairying. 
Frep T. Ripve 1, B.S., : 
Asst. in Dairying. 
Lioyp ATKINS, 
Asst. in Dairying. 


°Absent on leave. 
*Resigned. 
**Returned from military service. 


CrEciu W. Simpson, B.S., 
Investigator in Soils. 
°RaupPH W. Peterson, B.S., 
Asst. in Horticulture. 
Horace W. Norron, Jr., B.S. 
Investigator in Live Stock. 
Car. F. Barnun, B. S. 
Chief Inspector Feeds and Fertilizers. 
Avucust H. TESKE, 
Inspector Feeds and Fertilizers. 
Ezra A. HEBARD, 
Inspector Feeds and Fertilizers. 
Linpa E. Lanpon, Librarian. 
Myra V. Bocug, Bulletin Clerk. 


COOPERATIVE EXTENSION WORK IN AGRICULTURE 
AND HOME ECONOMICS 


Michigan Agricultural College and United States Department of Agriculture 


Cooperating. 

ADMINISTRATIVE COMMITTEE 
opert James Baldwin, B.S)... vcks ce cc nycewee sie’ Director of Extension Work 
Frank Stewart Kedzie, M. §., D, Se.....:........ President 
RODErbOIde ya Shan... A. snc, cise ki; cin en eeiotloan Dean of Agriculture 
Mary Elizabeth Edmonds, B.S,........,..sye eee: Dean of Home Economics 
Addison Makepeace Brown, A. B................-. Secretary 
Ree er REG ONG lek 5 Dive nate ore 6,0 0 oh ARE oOo eee 8 Supervisor Ext. Schools 


EXTENSION SPECIALISTS 


Marienousse Trangmar, B.S... cess ccs teks eas Publicity 

JAMOS-AATONAWAIOTON, Bo Soe) safer «0. Siac age naeys Dairying 

Ozias; Talcott "Goodwin; Bs Sic4. i. sows VS os ee ae os Dairy Products 

MErnor Alonzo roomnan. Es.isec cs otic sou ceo koe ee Sheep Husbandry 

VOUNAWinitleye NiGOlSON. Bess.) ac ficiaere © Seu omistes Farm Crops 

Ernest Kenneth Chamberlain, B, S.................Farm Crops 

Glareneo VN ad) WY BIC 2 ss. oon ws olen vc & See Sune Potatoes and Vegetables 

IST ALOR IM ot, 2 i rr Asst. Potatoes and Vegetables 

Nostra ee IG KTOTE Ee Oe...) lays ave vis ocr seg eee ee ene Horticulture 

DoneBionewWihoelanee ba Sis. ie0 «cc ote See he tease Insect Pests 

ieuyartel pul penne Sere Sid oko sche pants ve SRR Be AS Apiculture 

Orsoletidwinshobeye buy... 2-1 oc kee cee oe ek oe Household Engineering 

Edmund Carl Mandenberg, B.S. ................. Forestry 

HP V1 es te ten cotneccceehs, Be om tno ne A Muck Crops 

CWharlespels Graves soy wre cw bead noe cone Roa Farm Management Demon 
strations 

WWsE SRO ULHOR ANG corte rae Aces can sions ore Assistant Farm Management 
Demonstrations 

HNnOst © wOreman’ ECs. 5.0: = oe he Rei eek Poultry Husbandry 

ATMADELAe We ampbell..”. sah s.6 SS. a eke hs oa ees Poultry Husbandry 

Figlonhcmnatt estat: ol eee 2 tide aoe olen Bee Agent in Marketing 

SPT NG  SuVALIOR + fs cca eea ein soe cra ee eee ee wee Assistant in Marketing 

Min veVindoon ROrsOl, “Aci. . connis fhe owe sic cant hee Home Economics 

(oralUGne Havens. 5. Gscis coe stek.s 8s eoahen wae Home Ecomonies 

Elizabeth Leonice Parker, R. N.................-. Health Specialist Home Eco- 
nomics 

EtGlon 7ArMa: Brett Uk Mois ce sacs elo aia oe Domestie Art Specialist 


*Resigned 


FACULTY AND OTHER OFFICERS. 


COUNTY AGRICULTURAL AGENTS 


Bisons Miumroras bh Nei). are aes «saint so iaye seats ee State Leader 

Elarr ysis eislandlordnii ic cist ee ee ha tion sine Fee Assistant to State Leader 

Hrank Ssandhammer bs Ss. ocr ee cee cee oes eaere Assistant to State Leader 

Janies Wade: Weston, B.oSe csc sce ck. wc ticee ere ee Assistant to State Leader 
USP. 

PRETO eerie tnx e cvcishe eo) OMI ne Poe eae as Allegan 

Ce OM le SohGetss BaS. mihi ces See wes gis es 8 ee Alpena 

PENG EZ ISOM yt Es ices) nee rete s,s cy eae ss Alger 

Rvariares@=: © DDS sic arta ces tes Sie Sota es Save eic me anus Antrim 

eee EAITISON © 13 over ae spa aks steih epole ee areas eee Bay 

REM VEM ANT OF Phar acaricie cre Sree een en oe Dike 6 Barry 

baie JENN; JESS ei aoa a becinm eee bd Go aus Sb ose Baraga 

Claude Wawrencer Nash Bas. sateen eee See ee Branch 

JAMOSe UN TAKCr D> Oe ee cere oe eee Benzie 

EER ery ed aT KIN S et esrze,ctse Soares eee Wee eee es Berrien 

Paws VAMOSOM se sk 44 sos ees Cas elie Ses Calhoun 

David= WOOGMAN, Di Sic. tcl coe okie ne kee aieters 6 Cass 

OAV MNES eo ear oe Sie Sars era rs Sateen AG Charlevoix 

Pra Denon ae ViGMUPTtry:s; . sos. sc ere te case eaee wcSle «pas Cheboygan 

1 peo) TS Bcro yi Ch 7 el Bot eg aN enn Pi ae Chippewa 

Pe PE ODO Seer eed a ee gS Clinton 

iBemamin Purdy Pattison,:B: S22. 2. 2d. ss ee Delta 

Slinton Vede Ballard; BuS=2.. c2.o see. -5s. ie ean Dickinson 

Keats Kendall Vinings B82. 2 hen eeenegs ose cee Emmet 

MUNG IMAG GASH ATTAT Coe ccc. -6. 0h. GIES Nvte's ekce eines ate Re Eaton 

Sidney samuel Smith; Bs 9. 2c sac gs ede aoa een sa se Genesee 

Charles Edwin Atwater, B.S... ...........0.6:2--- Gladwin 

Jamesshrank KAadOnsky, B.ioecs ts ene ene: Gogebic 

RODOLESE e Wiloy. ss aki fins ok 'ct Jace ae ie ae Grand Traverse 

ECORI GOISIN AN. say oo en liiat eo Sette es ee Houghton 

Dmeht-© one’ Bs Siena. cokes cos De ha ores Tron 

HowardeMoloss:Corbus; oO... ees. oes een Isabella 

rE PND AN Sos. Sa esha a eee ae el Tosco 

SER VLOLTIOMG SHOMD NE cote sroe se ahd Gitea ero acce arenas a abek ec Jackson 

JASON OOGIN ANAS BOM ore ant pecan einem eae: Kalamazoo 

J Dye TS a Moa are ee Kalkaska 

ROS WwollsGn@arrs Dt Goeth cts -c ek Rene ae On 2 Kent 

Meonabnomas Bishop. Bs Si. 20.0 i208 sts 5 cane a kee Lapeer 

Curtiselinden Coffeen; BuS.2c... 0 ae.b. oe a ee Oho ee Lenawee 

ET BGs See aTKS= 05-8 eete arcnesle wick oe owe ee ae e-aes Livingston 

Hove bee amerons BiSe.s +. 26.2 oS owic woe wwa dh bees Luce 

SarlekiehnOpi. Ds Oe seins too ae siete co gS phone Manistee 

Howard, Victor Kittle: Be Siege... 6.6 63. ie ecs es toes Macomb 

hee Roy Walker; BS ..4.08, Sacks c cuece cbs coos Marquette 

Wiesley: James Cook; B28) 255. so obi s es das ate es Mason 

Brrr sea Cle Es Ase to, Dasa Od onne Be. Montealm 

EdwardsGlonn-Amos:- Bi 6s. sis eeccc oe av iace eee’ Menominee 

arold: Herbert: Barnum; B: Sins... ides se ees Missaukee 

Eom ALGe ING iy sa.'= eee ke oe shang i aioe age Montmorency 


PUES OATES DciSi siren Geek Lares Ges sete airs Monroe 
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ie besie Olds, (Bs Bisse. nee he ee ne eee Muskegon 
Peles Smith. “BoBic send Weres «Ooo oeleths oe See ete Mecosta 
LHON ELSE OMIM «2g tnt ayes cars eke aechh oe Piva te weclons Newaygo 
Charlies benjamm Cook: Bas sige 0 vs caplet Oakland 

| eyelash (otal Heel o {20-701 0 eal 3 Saas peep aN a e-toc SOO ee Oceana 
CHETIGs WO VAIL FUORG Es es asc citkt hice ve tae aves Oseeola 
Deloy Dasky Waperman, BS... \3.. 6 sinc stern eves ve Ottawa 

VW Oy ILS A Pi oi oa dh Soe a Ae ae eee a i= Otsego 
OES IRS) rsh ery ha tegl 3 Mt < Sn tk, ps ae ee ee ee Presque Isle 
VV ELISIYIS eeOUS UOTE oy stats se aicie cis cess savbthl ciel sate he Roscommon 
WEGEIE: (SUH r cee N CUS] 3 aN Tap cae el Saginaw 
Homermtidward: Dennison, B; Sion. os ss oe Shiawassee 
SLE SUT 131 Gs el 5 Salt Se ee, ae: eet ane St. Clair 
OUT OCI YY CLIC iy, Eos Sees ex sey “athe Gis Siw Revixle cloves we St. Joseph 
Georre; Hredubkanstine: B.S 2.05 as.'..ch cased le tec os Schooleraft 
AIGTANC Oro WMIAG Viktitle; \Es.Disc o-.0.s sahil eatoe ee we hle sake Tuscola 

WWE Gps TOLLS eis BRS Re cet a AA eR 8 Van Buren 
Orestes taaish Gres IBS. 6 es wn lets eee Wayne 
ER MIMERRO EEO ee Oe os. ets bAS ok ee th te Wexforsd 
Parotid sett Osler, BS: ish'.. seus ow cca eek Washtenaw 


BOYS’ AND GIRLS’ CLUB WORK 


Pee ErIOn 2 fee ee oY eo, ot ae, eT State Leader 

Anna Bryant Cowles, B.S........................Assistant State Leader 
Banparaayanetoulons Boe een. en ee Assistant Girls’ Clubs 
HldavlanulamnOD Oi Seo. sete yh eiacat cs oe ne Assistant Girls’ Clubs 
VERE CAMEL EDIEDUS.* ys tt ence Ses See Pe Soh ed tae Assistant Girls’ Clubs 


Arne iGervdsMetuumenwis os ws 2-8 fee oles te ee District Club Leader, U. 


MICHIGAN AGCRICULTURAL COLEEGE 


JULY 30, 


July 1, 1918. 
July 1, 1918. 
June 30, 1919. 


June 30, 1919. 


June 30, 1919. 


June 30, 1919. 
June 30, 1919. 


(a) Appropriated for Extension. *.......... ae 
Appropriated for Experiment Station........ 


ACCOUNT OF THE 


FOR THE YEAR ENDING 


1919. 


SECRETARY’S FINANCIAL REPORT 


Gashponehan Gea verre edad seeker see ee here eee ea 
Cash on deposit, College Treasurer, overdrawn. 
To special appropriation receipts............ 
From State Treasurer. ....-...... $ 89,470 


From United States Treasurer. ... 
From Institution and other sources 


By disbursements... 


Special appropriations. ........... 252,680 
Experiment Station. =.) 05.2 22. a0 93 , 282 
EXTENSION Mere ees, aio hia ee a 123 ,154 
TMoxcurrentsaccount Teceipts)....0 2 2-.... «.. = =~ 
From State Treasurer, land grant 

INGELES Gente aaa S wilieth ete 70,662 


From State Treasurer, one-fifth mill 
CAR eee i etocnsuale Gael ao aie eel ote 
$560,000 00 

(a) 81,312 96 


478 , 687 


From United States Treasurer, Mor- 
TAMAR UNG Eee ar Beane ees ae ee 
From Institution and other sources. 
From South Haven Experiment Sta- 
CILONGHPsigetene tye eee ences ay 
From U. P. Experiment Station... .. 


50, 000 


237,357 


350,198 £ 
28,358 7 


44 
O04 


By general account disbursements. .......... 
Bycashion hands oes ao sake cae ses ereers eect ertas) 
IByecash! ONS eDOSIGE wdc. ee oo ae aa eee 


51,312 96 


844,890 40 


$4,149 30 


469,117 66 


836,692 13 
6,489 66 
6,024 98 


$1,322,473 73 $1,322,473 73 
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TABLE NO. 3.—W liam Smith Sayer Scholarship Fund. 


SS arc aEEEEEEE EEE EEE 


Year Balance 
Fund. ending | Income. Income Amount.} including 
June 30. expended to principal. 


1910 | $32 25 A. MeVittie...| $19 75 $512 20 
i RYH OUTS 23 (8G\ Us) esGanaoser Sbcooe| |peanenar 550 00 


1912 | 12 50 fl 512 50 
$500.00 received of F. F. Sayer, administrator of the estate of 1913 | 25 00 De Franclere: .| 25 00 512 50 
J 
J 


William Smith Sayer, to establish Scholarship in Bacteriology. . 1914 | 24 85 . W. Waffle..| 25 00 512 35 
1915 24 85 . D.Baker...| 25 00 512 20 
1916 25 00 .M.Maze...} 25 00 512 20 
1917 | 25 00 ElsaScheuren.}| 25 00 512 20 


1018 1 OR OUT Lee: eel eo 537 20 
1919 | 25 00 { ue a 25.00 |} 512 20 
Peel Ty ATR pid ee Aa. Ene wae, LE ie Sg 05608. | Sete ee a $041 75) ed: 


TABLE NO. 4.—George E. Lawson Memorial Priz. 


Year Balance 

Fund. ending | Income. Income Amount.| including 

June 30. : expended to principal. 
$5£0.00 received of John W. Beaumont, in memory of Geo. “917 $25 00 I.B. MeMurty| $25 00 $500 00 
E. Lawson, to offer annual cash prize for the best essay in Eng- 1918 12 50 H.C. Diehl...| 25 00 487 50 
lish produced by malestudent..........-.....-2-2-see2ee0- 1919 | 25 00 Stanley Powell] 25 00 487 50 
Roca lee eevee xls alee rea iaraal ree fos AS STOO sie cisohors S| Sele tosciereces S62550) ieerenpses = oor: $75) OOS ee acces 


TABLE NO. 5.—Geo. L. Al'en Scholarship. 


. Year Balance 
Fund. ending | Income. Income Amount.| including 
June 30 expended. principal 
$1,000.00 received of Amanda A. Ransom to be used in assisting 
the poor and deserving young men in obtaining their education. Cs Ohl Ses asecd| Sebbroptccooerne sobosocr $1,036 38 
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TABLE NO. 6.—Current Account July 1, 1918 lo June 39, 1919. 


Dr. Cr 
On account of — To disburse- By 
ments. receipts. 
U.S. Treasurer, 29th annual payment under act of Congress, of Aug., 1890. . $50,000 00 
State Treasurer, one-fifth millfund............000. 0. cc ccceceuuccucceees 478,687 04 
State Treasurer, interest on proceeds of sales of U.S. land grant.. 70,662 44 
~ Agricultural Education..................0.cese00- es. $224 57 
ea : 1,293 32 433 24 
Animal usbandry.. ee tet aco 19,740 77 15,168 16 
Bacteriology. . : 9,854 43 2,776 43 
Botalyecs.> see. a ch : 3,273 20 815 45 
Chemistr “ae 15,571 43 7,704 67 
Civil Engineering .. 1,109 80 127 00 
Dairy Husbandry . 62,122 42) 59,679 26 
Drawn ss. . 1,583 13 724 64 
Domestic Art. . 2,351 90 908 55 
DHIMERHGNGIRU GR Mees es on Ads RE Oe RES zt "904 54 1,901 59 
ECONOMIC cen eRe ite kes a crs ve lade Sea Mh a oa ates Re Aiioe se nic ole 128 86 00 
Electrical Engineering. ..... Lon See I Pek SMEG or i RA Fens 3,166 21 83 00 
english awe een. SOCOM OIG ore oa ee 67 Pitot ayo ate nee OR 233 29 22 40 
ENTERING! Op y eet ea tec Boa WY cy os he's eMac cutee, ee) RN Sea 2,485 26 443 45 
LEST Gn) hole) «cit ek Sg ge ae <i: eg ae aoe od en oe 2,364 76 583 35 
RATING) LLOT GRC eee «Ae ak a, Mich cake eter tet a veg 28/955 55] 19,720 64 
LUNGS GSW Ci peti, coe Pare Ran I gE Saye On BN inn Dine San 2/975 84 906 50 
ONGAL It ects Ss. Ao SUN Ut aA Peso Stole aoe chine cuhirc Maks sath Gena ; 3,645 08 2,324 58 
UR Lene REMAIN: CEM ee cs Re MOR Ca TOPO Behn « - 108 66 2 00 
ADR UAUU Re Ree SAMO ees Sime eM orortrn irc Ceiacns iz oR ea ei aaa Lae RIE Seen 13,014 64 3,030 92 
IEA Lirsccry ete Re oe fa cP en eRe oa Ltn Ree a. Dee, Ul Ne Sem e 2,884 32 1 00 
WE ACT Uo tee eo Pai lle ae tan ey Re Re a ee 404 45 90 75 
RV Schianil CALM PINEETITI ES elas, Cromeuik Cinicn, csl fd oa: asst MeN hen nti ic atee Ae eRe  o Hev 10,675 73 1,947 97 
WVIGLEGrOLORUmee Ss maT et tier. hs ek Mr it os Le By han eR aah dito ce win 77 7 13 00 
RTCA OCLEN CES ts Se ie eee Ieee Pcl MONE Cee sec a ee MR 1,305 10 88 05 
PALNOLOR Vere ee ome een CoS aie cts See eee Ok cin ote ite ee cee oe abe 1,281 32 5 00 
AH GIGS LCLPAI YIN > Aen Pen ee ae te nee ae ee ee ee ee. oo, 13,686 61 4,223 23 
TELNET Pe each, sea on ea SRR aR ae Catia Te Deed a Ne aan SN, Sa ee er 6,175 24 2,352 79 
(ROT irc ie Ree eae eS rene eee ene ec, oe SRO IES ARNE Bee Cone i Ls 8,756 19 3,324 91 
BORIS aero Poke cs Meee Ann, ce case ethernet cietc ts ta taschap me taeiitn Mae ame eet, Shr tas Sieh ot oie a 2,609 81 113 71 
BDC) COUTREN te eNeEEN Sree IN Ne ae Res ote ae am No en Aero dt 9,907 74 2,450 00 
SW VOC) MNO sor oh on SR AGREE ead a ob eae near Mae ane anr ot an an RAne? ARR Ae rane 4,374 66 559 22 
MELENITATY SOLEDCES. crete atts im Semitic ty. hr Ge Brut! ca ren .)o eee eg eats aE Dern tee ors « 1,090 17 43 00 
ZOO OR VA ee RT Pe Re Cee Er cre ia Ne HEA Ae hk Src Te eee sc ujehate as 561 55 352 50 
GSN RN om aS Re Reto oc = Se eNO eae IO eer © oe ee ng ee BN oie ae kOe 2,415 69 16 30 
/ AEG Ets Sets ieee ee epee ny ee et See oe Se 1,509 56 
BULLER IDS ie eee ee re er tere er icre tna fa tee has Mera chee et wigic he eee anes oas ec ee ws bane 12,943 32 
Gleanirige h See erate eter cotean rok aoa eae be wt ame tee ik eile es lait one 11,968 23 2,167 36 
Contingent Building id Bata heed SOO Ie ec TE erie oie ee Sains aed ae ane 110,804 00) «62,030 92 
DeanlofAynioultiine fiesecient tree ne Siwy fees ee cos APN e Biches as GUC sso l ee, SORES Seis Oe 1,233 77 90 00 
Dearonlingineerl Deemer ner ioe eee Penn so ny om im enn ms ae ee 1,383 81 
Dean of Home Heconomics:. .. .. 22.5.5 eee ee eee de OS ae Re TE St ons a ey Se 6,933 49 564 90 
DEOL SUMINEE SCHUD LNG es SCE Se ricardo cs Rend an seeciseh rie erate ke le 656 72 48 00 
ElectricLighting................ RD nT Nene i IN PEN TERT Re hr ee a 12,569 15 3,701 29 
BrelIpUGANUGantapetiy tae ee at eh ee tien ee Soe ee ae ee ae ee ean See ne 2,373 74 8 55 
I CATIP NE Reh eet eS tn SO cake ht icon co Beit Caen cat Line nem ae Ae 63,951 14 2,160 53 
Tar) 1A Co ae NE ON eh aie, See A Se oaks Dae aaa than on a Ane a 8,060 73 1,546 81 
IVITSCOLL EMCO OR or a-cyctess cite alo seed tse ate, ae ares aoe eect Peace ee Nr oa 3,840 51 2,590 61 
Offices Preaidentiacts cere. fics acl: ee i err ote LS Oe ee ene ee 2,410 49 1,202 05 
OMBESBECretary.G>. oe Peyote Sete ie Sa eee Ca ee ee eae a. 6,186 59 2,045 38 
UBD I SERA Sete tytn 6 cis schol ORNS en eer neh Oe aoe ae Ee Ea een etnias oe 2,812 40 75 00 
DALAT OS eae G Sas oo te Recah eel Raye eae De en or ME ho Et ym ene roe Rae ae 2 EN 2 308,314 50 24,881 16 
SesdvAnal yas. 5. fic NS tre leciare e Patches are tho eae ae Sh ne ence paring Meg iment tay me 106 15 81 00 
(Pelephiones se 2 oh 55 peed oh See Le a ee Re RE ont Serer RL moe 2,083 09 321 25 
HOUtb Haven Mxperimentobatlonice-.) ccc cc eee nice COL n Tee ee ee cence e eee 3,101 17 530 81 
Upper Peninsula lixperiment Station); .trsseeee nae secon. Meee ener aie tire a ner eee 28,835 59 7,653 04 
Motel gn es Serer eG ga ies eae IM Ee NO oe ora OE Dh ace ee AOE $836,692 13) $844,890 40 
Balancelbeginning fiscal year, Julyalol Sita, a0 ener cele aeee ace ee eae ee poe en 21,011 23 
Balance on hand June 30,1919... 2.2.0.2... eR ae Re ated Se RP RnR Metta 2 Ayan ea he i UPA) ) |e ae 
Totals $865,901 63) $865,901 63 


aDiploma fees, $685.00; incidentals, $6,167.50; matriculation, $1,450.00; room rent, $13, 754.26;tuition, $3,888.00; delinquent 


$289.50; supplies, $17,220. 99; labor, $3,948.57; land, $12,273.30; sundry, $2, 353.80. 
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DISTRIBUTION OF SPECIAL APPROPRIATIONS. 
. Dr. Cre 
On account of — To disburse- By 
ments. receipts. 
Viera eek eal aa aaetiedann hace oiaa GS 0 COROORB OL EE BAS Gado J Gabe Remumin than ne erie $950 75 $1,000 00 
INTER Vela CONSE Ald) LNSPECHI OM peters rece stevens ac eevaretare «ster eoaorsbel nals 1eritucle peeves uate eveyone oper are 1,478 50 1,478 50 
Severs Wun dee deooe ene ats, shee ho rue, cicisie is. aissshayscs scaiace sls ove ble osha Gisele pra giy Gar absieg haste csnsle pian 50 00 25 00 
Gyinmnbel tim peer eee eine tar, See Bertin as eas Meee Se ee eine aeons Terran 3,094 79 
GeosE slawsonuMemorial Punder say cin cokes Pac ates A On sees Gite ioe eel ON OR alae neers ate ele 25 00 25 00 
GeoslmAlienischolarship pass ceiileng ce faa o cee CRETE Nos | Tee (ca is tae eeranaicine 1,010 84 1,047 22 
HOPS SUC SLOLEhOUSOM See. SoleSt ears ciocc tie, Haiehe ia OR eae eRe Re Seteh Te ereieiciristeae o Sy hstyele niles 1,297 44 
TUR S Ayr VAC OO peer erate rats soca aetna ether sista epee icant Ma ices close hehe ne 238,750 86| 247,085 23 
Wocatlonaluneacherseural ning arr. .ctonn cis cit arian are lalets sierecere slouciicie slated seem aimee clea sel cranes 6,022 65 7,157 38 
TOA i. canteen 6 a8 Pita oS OEE Rare cE Ne CS OCEANS TaD ee recnIer crannies $252,680 83| $257,818 33 
Balance overdrawn beginning Fiscal Year, July 1,1918................0-cceeebeceeetccseereees TE RUALQ M28 erect teins : 
DalanceovercrawilyUne sO OLGA sey «eee ne ener Sheer ern etna Soest apa sctepe nee lest eheall Meters cinerea 2,581 78 
LEG I can ant RI | a OR RO i SOO Rt aE Re a Reid TC to ry eae ee $260,400 11} $260,400 11 
TABLE NO. 7.—Experiment Station account for fiscal year ending June 30, 1919. 
Disbursements. Dr. 
Total Cr. 
eon a disburse- By 
ments each receipts. 
Adams Hatch State department. 
BalancGoverdraw Ml dulyaliel QU Si<, gape crararcts jevctemrerevere cic |fet stesctey srotcreiec aes! | tees charausteesrabereied lleccemsis rks SOSOST BSE ll Ae trayceers 
URS SL eASUILG ae eee eee ha ere tere ets llc icheas Pete caret | RAS eter neat rociee Laas ais sacar $30,000 00 
Stavesireasnrersone-tiig berm ld tun diye paca emcee rey eraeel |i cnetars ee hese ie cPanel oy ee speeds eee eee ge Ce eae ace 30,000 00 
RerGlliz Cra COS Mer Neo rene ants eae teeta eerie ect ny ee ciel vas, ota eee en $1,518 76 1,518 76 7,170 00 
Commercial heeding OlUusie een seca ce cam one te tltokise cece lass cesmmncle ne 1,472 46 1,472 46 14,975 00 
PATrirnia PLUS ban Cryer tote dey iors oreo te tees IS eal fracetee ws ely creh Ib atea sais meena ate 41 51 Al eS IM EA mace 
(Bactentological meme arr saat seeps ea rien ees $2,858 65 $928 09 3,571 66 7,358 40 456 63 
Botanica leer ee Ns hl rhs sn asacicomeae nck eee 103 60 37 20 3,720 75 3,861 55 158 57 
Ghemicalbprerrey ye a5 ee ey ess ee soca ee ae ee 189 90 4,409 65 4,659 75 55 36 
IDS lshel onlays. Os deer a cae Goa oud ena RnOeEonel Suu aoted dans |b hekasooonne 1,160 38 1160838 ble ares 
Directors O Mice sented Ale peseieeronee 20 00 1,474 84 1,494 84 56 53 
ntomologicalberey es oes hays sere ener Seria al aerarsoi cis 93 74 402 74 49648. | bee eae 
IDET (Orns) Use 6 Sere area BO aden naGods fake oor nD Heal nano pe certase 547 24 4,235 82 4,783 06 441 O1 
Grahamiborticul ture senescent ealss | Rca taal ern eee 3,027 19 3,027 19 907 70 
HOrticuliguresprerier state cc eee ae eres sats ll Seeeece eee 422 34 1,663 61 2,085 95 3 72 
IDM erates oh an oe tr ee A RACE EEE Gonna ae] letra rete 403 51 8 00 41005 1p ae eee 
SET TTESE 5 oe ws lerceese  Roes en RCN eT eI oo 12,037 75 11,473 65 33,021 19 bine By 50.) | le sionan Genre 
(Srasrainta os Osineas pos aieto ee ee ORR Ee Meee ro biecice nin! badecude pool lope tueaceners 294 00 204 0ORIS een: 
NOL SCeree nr MRR te Setar So rnic nt, Whar eas cee oh cheesy Pal arnea rai reemtonee 884 33 3,200 11 4 084 44 26 40 
IBalanGeoverdra wilt) Un ets (Ml OIL meri nies cece eee on erate renova lle wey ete: cetera | eens Seen ope | ees seas 14,113 08 
AVE ES Se Ses eect ebeadbacanneuceten nat $15,000 00 | $15,000 00 | $63,282 67 | $98,364 00 | $98,364 00 
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TABLE NO. 8.—Eztension Account for fiscal year ending June 30, 1919. 


On account of projects 


Disbursements. 


Lever State. 


$3,174 93 
6,497 67 
1,338 07 
5,072 97 

341 52 
504 79 
2,447 31 


337 82 


State. 


$246 10 
841 88 

89 56 
205 43 


ments for 
each project. 


10,893 60 
12,376 97 


Cr. 
By 
receipts. 


Lever. 

Balance overdrawn Valy 1,.1918 oio.s ssc sc cee ce eve conde flaw oienme oidielstall tere cele eine aa Metaie eee ete 
PEN tlreamury USver Un «oie sie: o0.s Fae sie mys aiare anciele im « ele'e vieteielolotsl oe meet etee in| teeta cesarean | sree coer cee 
State Treastrer) one-fifth Mill Fund, Lever State... ...5 2] ...00 00 cslanclccieemieaeneeel wes oo usercweet| nme eeteeeoe. 
State Treasurer/one-ntth Mill Fund; State... oo... 62ccc | Socstcineeoall Sue ite meet aoe ae aces Ieee 
RUTGGrAGLON eee Ais. nos ca Sede cer sectsscaee $7,472 57 
Boys’ and Girls’ Club Work..............--eeeeeeeee 5,037 42 
Wontrol or liseet POSts s 5...0c saves s coe ewinne ote See se ore 3,057 97 
ICONGR EN Gres clore os eis isin wie ew intv'o oe sfatwinimninccts 23,439 32 
Dat FMIBUAN ANY os csi cicse'e cicie’a vis 10's vierepettee estate cite 665 67 
WEXtenalOn: PCHOOIB =. fcc. os o.c.e isso oe oon sdecioraaw sitet ae 3,186 82 
RAYIN OLODS satel cao caters So nie a o'e 60 lc viviwis ele errors 3,599 69 
Farmers WOOK St occ. sia'co ojos crac's 65.0% sineeaieiole See ae | hence erie 
Farm Management Demonstration.................. 835 60 
WOROHtrV.s ss beccc cess e ctales So oancintte nooner 1,172 36 
Home Weonomies ... wic,. 52 os icfs cchico.cnititactsetmetoe 8,820 28 
Horticulture so. .bcop occ conc tisg ose tee pmeens ape 1,401 71 
HouseholdiEngineering =.) 520.5.) coe eee 1,840 90 
Live Stookcnc t:s.ciciob cscw cet eeio oh o oe eee ee ieee aie 2,417 53 
Marketa si scicceots akcesoc.on on ules emis temioeee 1,551 71 
Muck Crop Demonstrations.................--2e+e- 1,830 23 
Potatoes'and Vegetables: 3.2. 0).0 Sete canes eee ee oe 3,160 83 
Pou try eke cicciels Wire tee hice kin Oe eeleeee Uo eae 3,178 24 
PUDMCAGLOUS pm ee tiets «ae eiseie sieialeee ec iseieriomieler eee 820 96 

Wn) <) [eee eae Ae Ba ona aN eR NOI ou baa $73,489 81 


Vouchers on file frcm covrtics fer $19,402.£3 as offset to Smith Lever Fund. 


$7,609 10 |$125,958 36 


$125,958 36 


TT 


jn te ain Med 
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TABLE NO. 9.—Positions and salaries as shown by pay-roll dated June 30, 1919. 


= Classification. 
Grade. Rate per Extension. 
year. Experument 
Current. Station. 
Administration and Miscellaneous: 
President's Office: 
ET eR LOUIE eter stay cate ete aiclal owes oislole c(s asvore ts oe siete sretevelaiove sierei Deiat $65 500500) S62 5007 O0 Re lis tek cate 
Cleric ee ee ree ORC Seca Me iis conhocrturatamann 1,750 00 TE GLU | 2 a a [oe ee 
DLENOVTAD MOR fe cel tines Sakiccis see oot ac scule nc easoane cee es 1,000 00 DS O00 LOO) eaeaE SSeS. «| Seseacacie cers 
Secretary's Office 
OROLATY Ste ior se eials soe Can as noe ven ecto tase = ch aterstete Be b2,200 00 1,500 00 SLO0L00 Ul nec 
Cashiers se eh en es eee late 5 Seiten URS ioe. 2,500 00 2,300 00 ZOOROOH saabnc 
OOK REED OD See eais eee see ian cs alee on aie o teainrelooan croc tere 1,000 00 900 00 100 {00 aah ees 
eae scr serene snag ore De oeiaina ee ae eee eee 850 00 SOOROO ee cee scrote | ae eiee en Stele 
Cher kee ee ee ener Oe aos eae Lio noo tna Codes eaetoes 850 00 SHO LOOK ey wees |eoeca saceee 
0 ET SOO Sn AB BEES ROC D SOC ROC HE eae re a a nee 850 00 SHOOT Pee aosee ones |e clonoeeaces 
PUrChasinwAgen tee c. cate (A teen ek «Lee an cca 2,500 00 ZEDOOTOO Le eee casa faces ssa aoe- 
Registrar’s Office: 
I PrIntrarcre ese maaioe ce fc cnGin aicerctaene © antes sine sie eta 1,750 00 AT OOOO See tacit coca hoc encsaeses 
Neri arr ee ioe atte wistate a ee oe caesar onic & Todas 1,150 00 115000 Mee penn. Las ae oe 
Library: 
Walbrarianiere sn ee reson eee ee eae ae ce slokcie ete Solves 1,700 00 1,580 00 1203 00h eee ee 
JETS EVADE Pe Se GP oe ra oe 1,150 00 2155 EU Dl prea oeOGeenl biceeareeme 
PABRIBEANIES crocuses snaia see eTa canoes ates arate co ere tiularcalolawieistoe ors 900 00 900500) | eee ow eece oowesige cae 
Miscellaneous: 
MONGIBDER seas ask tate ce ee eeies steisisis esac socim sls sein as aesists 1,800 00 ASSOOLO0E eee cae cs lee ceo sa eons 
Night Waidivean. a ate renal te tecreatete binie, ale Seictravone ein areiatnicteleiie nlerciaisie 870 00 he a 
Architect. ......... ...| 2,500 00 
Stenographer... NEE 850 00 
Stenographer..... ree 850 00 
Spenoprapher sen se se ia ate te eee ear ne anyedes 720 00 
Secretary) VoMs CoA: ic... sso5 cee nccecisinisscs oeleis dicis sacar 500 00 
Pirector obsand sees sce ea. eee cone ee ee aR a 1,500 00 | 
ANSpTUCLOR OM MELCOLOLOZY. <0 ace tien esetrnineceiccens cet inine 350 00 SOOTOOE hae eueisien vies |ervsecisesceeie 
I CHIER OE ea Ges ere eee t. SO ta ee eee RC 1,200 00 12005002 esa ae ht ee leek Se seas 
Division of Home Economics: 
Deans Oiice:— Deaneian oe. tne orcs ee eee ae 2,800 00 ZeOUOI ODES tacnccrcss sales ecteisooe 
FACEVIRON OLA OMENS ceyts hon os oe soe eee ae enen Meer en ron c1,600 00 AFG00 0031S ee 2 ee. sen Inlesoee noses 
StenOerapher eset coe eee ee nea ta coer en eee eee 850 00 S50 O08) | Bey Se erara siteass | Reise eecie shies 
Department of Domestic Art: 
HPPOLESROP Seriec ote vireo sininiea siare sinlale «wissen eGo we he eae Re 2,200 00 25200100) |!ises s ce cout a] scic eotneistee ss 
ATISLPUCLOD SR re ei ieciren meen nace ee eee nee Geen c1,200 00 100 Ua ES eencoeed Gsaccan Here re 
Mens Gri CbOr ie ete trees eee enn ee aha tee ee aaa ages sae 1,000 00 AROOO OO se S25 55a eel eats 
Ans braictOrne teas iw ore en tion mare ae ca OR EER 1,200 00 LS ZOO) OO S| 55. 'sesetersrorerns | ereles.cvetacicter 
BTISETOCLOR ces Sain ces cars are coche Eee ee 1,500 00 1250000" eee ese ca ligne srs ceciecte 
ANRtUCEOD Se seein ae ome ca een ae hae Rane oe eee nee 780 00 (EUR) Oe) eeAaopeeter scamenorsene 
Department of Domestic Science: 
ARSIBEANELEPOLCSSON soe aio fei oie ocinias 6a reise, ee ee NSE 1,500 00 15500 OO Mees cast eee sll biocsiols Sle ce ate 
ENS ETMCLOL SMe oe mec ia evar orale Soe clan Da oe ition oe ee 1,200 00 15200) OO | aoios Sees awaie cite cre 
NTISERUCLOR ee eters iae elon ceiele Se ree nce oe Fae ¢1,500 00 UUs) anpoeca core GecaeoecSsac 
Mis GEA CLOT MR eerste eee eae aise led elo dmoisset e900 00 90000) csee sce a bexnisea este 
GradantesASsistal ts sor amen we nae ee Rese ine ee 500 00 STUNG Roweetcb Basal ScACOnR OG cet 
Miscellaneous 
Pratrictorl nh Muni clee sorts pee See ee eee Boye eee 1,300 00 AO SOO NOOR Ei ciaccte te feia | bie Dsrotersiclocre 
Hostess munomian House sos. 2s coco ceieeicce pots cis oe cine vuieieiee 00 QOD eee tase oe: || erostecieces 
Assistant to Dean and Instructor Physical Culture............. e1,150 00 isi GUN seescanepcn GeoresDessac 
Ma brane ee acc cle cee a ee aioe ee Se Oath taeie sachs 800 00 SOO 00 eee cise cice | ss cessleciewislere 
Ma EONS siserecc tenia raiaramiat oer ioetts aioe pao cia ee So annem 950 00 OOOO esac cane] oes ceicesies cis 
Mig tronics tree cera oe ccs ee ele eee cco 350 00 5 OUD) Beesobonnnea) arigdooodso 
onise sD ITECEOR ees ars jase os oes Foor ned ods bee Pe ode ¢1,050 00 TSO5OROO! IE sae a ocice sate |acieteretetsinicieiets 
Hlomne Mothers: «vaca ean casei teeee See ne store aeralaleiste alae ceelere 600 00 LUD Bpepedsonond bpsccocsoesc 
Hostess Hesperian HOURE 2 5-crsc or Sse oon oe ce sic Solna wee sie + 525 00 DVIS aaa soauccissl loapoocodecaoc 
Division of Engineering: 
Dean’s Office 
PDCAT SMe eels orci Se ictec aisTa meee eee fe Ss a aiedao ak pasadena a3,500 00 BL DEL, Oe ea aadacenenal poscc0cnness A 
OT OSE eee ee ee eee ase oe Mo ols onlous aw slbowion 900 00 CILOXL UM lsoBpossocacd Saaecdascnoc 
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TABLE NO. 9.—Continued. 


Classification. 
Grade. Rate per Extension. 
year. Experiment 
Current. Station. 
Department of Drawing and Design: 
EKO LERAOM SO ea ee ee Seas pte oe otc oulek occ ew oue $3,000 TANI UW har a'a oie oso oes vA kiss acts cove 
RESOGIBLO LI OIESHOL. © 5 os tls Se os Foc ib code cat taws 2,100 OOD love pects seals odometer ete 
ARSOOINUG: POLORGOE 26 as. ale Le HN ek Bie « sey ze cae wwe 2,000 SOUOLOD NE a2 =. 220 toes. eo eke 
IARSIRESTIE CK OLGHRORT tc Bat eR cane anit ie BAe ae 1,800 MEROMEOO | ec Se eek ail aroun ome eee 
(ABR IALATI EVEN OLGRMOT Caos sion Si cis ciate ainys ticles eae Rola he ieee eee 1,800 PEBUMIOO) || cic cuccce = Secll semester 
TIMERS MU ee erate ao ea Meas ieee uh same wea b 1,500 00 OOOO! Voc 3 ak oo od «aa eae moe cere 
MB EMG tokio see pee nate totah s sesioly sine by cide Ue Aur hee ee z 1,200 00 BZ00I00 | oo cs eareuts a) eeigetemteetee 
TIRELUG UO SEE EM ro dar cre cision wae etchant naes See bees 1,300 00 W000 00 Ns occ. cs Seen leeeteeeretee 
INTtENIG bOrete eset sick cae et ee Pe cltes Seas ada oe 780 00 TBOT00) || 2 ce SRG. | Se eee ee ee 
Department of Civil Engineering: 
EVOLERROL AE ie clit ta chan tree otter aetaic te since, Croke hehe Ss cree ote atarana a2,700 00 DEAD SOND) Nic c.ciet<ehaiare re¥sil hstaaisis elo serene 
ASBDCIALENETOLCHOON 52 sa: Ohels ess oc deu Sacs eee e aan cenit 2,500 00 POO UO Ss oh grcke css | meio aceon 
AIRAIR DANG ONCBNOKe (Ecotec ea he toe commana te mene 1,900 00 PEQOO OOH SF sac,. es sell Leo emeeien 
SABRI EAT CAPT OLCRBOR) Ne tate 8 Fo). a eo ote Boe ee ree 1,900 00 TSOP IOO" |... c tks ote C Nahe an See 
INSEVUCEOR sje ricmigs sire os F sscle 5 ciste Eave Ripttta Mane oa hace ameter 1,800 00 AeSODLO0' |, oXec ec cce~.||n eee eee 
MSOC LOR seerciate clei ak acre a ier oe ee een eh ee Pattee 1,600 00 IEGUO"O0: |).....<2hs)atee | Pentece me eee 
Department of Mechanical Engineering: 
PE OLCRSOLT Panett na soc ant olae a werent none aa ete Nook Oa 3,000 00 S000 00 slisc.2 Saeeeece | Teentecare oe 
ABAIREAN AETOLESHOL Saas see teitietons de tierra eet 2,100 00 PLU ee Genk a atl Eee oe 
NNIBURUIC LOR MEIER cincls ja du eos secre fs & STi ake eters eee etc 1,300 00 LE COO MOO sakfe cst ictinc | cWarreen tite ce 
INE trUGHORKOT ee HOP ates erin silico ome seas toen 1,300 00 AE SOOF ODI NS oe sbecceis | cee 
Koremanth Orpe:OHOD ieee on is ce ee een eee eee 2,000 00 PATIL, CHL] eee tee meee] [es aarlt oeeneaeae 
WOLemanee aterm Shope stems ae sec icterin cate Bethe ieee 1,700 00 Pe MOON OO Re es ee Mec\ |e Sactasone ce s.c 
MOFEmansMACHINe SHOP Sse eciet.cs se eee eens eae. bee 2,200 00 TAROT OEU UE| Paleo ened lent anc a cee 
OLEMANMNOUDGEYY bie that eee eee. REPS oto ottose 1,350 00 Ae SDOLOOF te om. ean eee ees 
SHOpIEMP Neer Sens ee teehee oes ioe ohne Ses ere 1,000 00 OOO NOD TE eo R. oterlevetica ee stare 
Department of Electrical Engineering: 
IPEQICSSOR overseer ciate ste ene eG ice are eke Peas, Oe EB oe 3, 000 SAUL UU sl eee: Ball Foie on a 5 nee 
SABSI READ DALE OLESSOL SNH fae cis aoe oe merece oe heenee eens 2,000 ODOR OOS EE a. Sok toe <a eeres 
ABRIRtAN LIE TOLESSOL-< sp ee ees unio een ete Peas cone eee 1,800 DRS OOKOOR Cacia ans <areh heen meee dee occ 
Division of Science and Letters: 
Department of Bacteriology: 
PPE OLESSOL Meee ees rae eee ee PY heme ees lors ole 3,000 2,300 00 S200K00 Ee ees se 
Research vAesoclabesErolessOnse 2.4252 sa eetee rot eae. 2,000 1,100 00 HO0M00N ees foe. ee 
LOTTI OOo payee sod g Oa nas GAC ES parE ID Co RER A SaSeaeneks 2,000 00 1,000 00 OOO TOO! Nise oc mere. 
GraduaterAssistanusecicrecsc ricco: coer na oa eeoe meee 500 00 BOOKOO S| a meceeeee cipal Sate an Sercrcees 
Gradiatemasisfantveere ener. St oy nee es Seas eae 250 00 PAet UL eee eae all eae Rie atte = 
Instructors mecca Rte cir ise 1 terneae Paricits atoeacit 1,800 00 1,400 00 EUS enter eeeaeiee 
TTBULUCTONS Miner eth tee pace celts keting fide saute einen 1,500 00 PSO Ne tera ees calito cteea see 
Department of Botany: 
IPrOLeSSOr- aie s eee eis oe ecte ee eee tecios seat ates 2,700 00 2,500 00 ZOOM ODM asd incon. 
IARSOCIALEUEKOLCSSOL NEN hee ncaei ene cr ne ies latices 2,250 00 DoD LOOM enki see eet ee Cotesia 
IABROCISLESEL OLCSSOR TAS Seka erence ieee a arnt ee aoe ers 2,400 00 1,250 00 Db OsO0R ee 5:25)... 
Research? Associate brofessor--— o-ce desc. oceans ee ae here 2,250 00 800 00 TEAS MOO Meer... 
ABSISLAN GEE OLCSSON oo Ses cer eise ot te eRe nes cee nee tae 1,900 00 TODOS O0M Ree S27 oe eae asians coc as: 
ARs iatan telrGlessOLee. eet saree, rete een oe eee 1,700 00 HSCAUU Ue) ee oa eee ee 
GraduatetAssistants..jece sone scat hee te ere oe 500 00 OOOTOOD etatecinccinet | Etseptt acc» 
UTISERUCEOR evi c Ne Reine aries oto haa Ee Ue eeee aes 1,500 00 TRG IE lol anaemic] fate ce aan 
Stendgraphierc.ccs os shinee ee nsinn Grove Cicero ae ee 850 00 ELUNCITN le eae! (eae ae ena 
Department of Chemistry: 
LOO) oe) Cone ta nar etn AHAAAG So Can On SC An Onn tain 3,000 00 DS OOORDOU eta eetse rll ftnt com... 
IARSOClaLe brolessOLs eis teehee ena ntiiee 2,800 00 2 pOUOLOOR etetamrnis sos | eee tity o'-0 
Associate Professors. cs tetas cone einen ree ie iene 2,500 00 ZED OOROOR Remecraametionllismrbs ances «0 
Assistant brolessOraiest:(ses lace cisco eee rr eb aeteiale 2,300 00 ESO KOU Senter ee erento os cialis. c.0.a.e 
Albsintan GibrOlessOnsay.e mdecie cee ee eee eran 1,800 00 AN SOOSOOMIE ete ae Ciel isnt Sie o so 
IMStraCtOn.p ears ot aroe ee hike te eo Ae eee a 1,700 00 A LOOROOD races eee eed | lee Sn ss 5 
MMB GU CLOR AC ra eta cars enlace aan ee ees 1,600 00 JEG Del acca res A.gel See eee 
NnStructor se ail Sote se kee ck oie eee een dar eee 950 00 O5OLOOR Ree eevarstaseleR cece ste. ws « 
ANStrUCTON. sco sc crcten Paes salen eae eee eee 1,600 00 DROUOLOO Nyaa creases wcwes oes 
ADBtrUCLOR ss ica ee cok Denon DO Een aOR CE EEE 1,250 00 DAZDOLOON Se, Rete aed ects oats/o mies 
MMIAtUCEOR yaaa. 3. ec e  eeEe LeLee 1,250 00 URDU A pcoceeeioa aoe aCe Eee 
INAUrGLOLee se oe eee maa Meisielerets tle steaieere som ona ca eetO ee 1,500 00 A SOOROOM Setar tac: |oectnctes cis. 
Stenoprapher. os. fy. o ace coe Cae ee eee ene 950 00 | Q5OLO0N Been teers | cnc Betocd hee,s 
Dispensing Clerk. \oa_ Ss vey eee ee Co kee a ee 1,200 00 ILS PAUH TU) | io 5855.00) DEDoCee eee 
AMS EEUCEOR so lcantastras hee cee eon ee CE Ee. 1,350 00 ARBSONOON | Ree eee eces| searts corcrse <0 
LET: |4 a1) See COEIaCN ANGER a OB abata tage pocoddabocce Gouemee 1,500 00 DL DOUOVOO Momence cool ocee eae cee 
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Classification. 
Grade. Rate per i Extension. 
year. Experiment 
Current. Station. 
7” = ote = = ———— = = <= oer 


Department of English: 
IProfessOne tems sain. saci iarare cat rae 


IMStrUCtODae «tao: oe nn oes 
IMEEUCCOL MMi er ee ener srite tee ieee Te eee 
TNS trUCtOn sete eee ce ec ee a cts he 
ATSETUCEO eee ee ore re ee ES tae nari eee 
INStRUCLOL- cr ene hoe Re Epa Paseo ere ont See Oe 

LA VELA ATCO) Coe ee cote Me RE AE Sire ERE Hin mk Cit ene feet 
TAS GUC LOT nee re eee eh ce hese ars apeten etd tere etinne 


IBEOLESSOL eer eae ees NE meee miners eee Sates 


Department of Entomology: 
IPrOLeseorepeme er ant ar Nee ern Soap eeu ae tie sin eets nae 


INBDECHORPADIATIES Seraae ieee see ince: Sein ae eet ean 
WUCDORTADI ELEM Ree eee, nee en re see eee oF eene Bee 


Department of History: 
IBrOLESROT ee tty Tae Pera Stic os ch Fer pee eee ea ee 


Department of Mathematics: 
JPrOlessOn gee er ee Seen 0 erat ree Sys Mitr a 
ASSOCIA tLe ETOLeSSOR Ste nar ce eine eee ree oo che nee 
ASSistantyhrolessOneemiemtr acim cic Gea eee ete one 
FASSISLAD EI DTOLESSOL mee Pee ae Ceo pe raen Re os a meee 
FABSISLAN US TOLESSOL ee ioe riche ioc en Ohno, one 
IMSGrUIG CORSE ee acetone tet ayer meiiise aan Rees amen Sec 


Department of Military Science: 
PROLeSe OLA pe ere eis hiara orc ors MAR his ans oe ei 


Physical Culture: s 
IBrOLeSSOL PMT Ass anlae Rite ee oes Is tia sleta ene RT EN 


Department of Zoology: 
PLOLESSOLM Eile ace aoe ee Peisae ancaen 
Assistant Professo 
ARSIStAn iE LOLeSsODe see eee ccm sm ose eee euen comb aneene one 
IASSISLANGIELOLeSSOL EMRE Ree oe Kec caone Pee eee 
Ins trictoreee ney eee yy ee orn eee ek ee 
ISULOC COLE Eee a eee ae ee ete che oe ck OP ee 
Division of Veterinary Science: 
Veterinary Department: 


Acsistant#RlOlessOlaeay. ei rics. ese mie asec bse eae 
SUCUOPTADHELA Meee in ee ms Cw COM RT Ie Bea, Joke oe 


Surgery and Clinic: 
PARSOCIALETELOLESEOR Sc aston cee nea Mee. Biden Arne 


Department of Pathology: 
SSSOCIaLeSELOLESRORD Men ya eee tench YS cr tao Ge rae a 
IR ErUGT OT eer en Se mo ME hee Mg late OU re 


Department of Anatomy: 
LEELRETSOS Rg 6 inn or BEEP ra AO covet Tk Ltt ee 


Division of Agriculture: 
Dean’s Office: 
[DIE id dee pean Se Mh eee an ee cee ee 


a$2,700 00 
2,100 00 
2,000 00 
1,400 00 
1,400 00 
1,400 00 
1,700 00 
1,600 00 
1,600 00 
2,200 00 


3,000 00 
2,000 00 


a2,700 00 
1,550 00 
600 00 
850 00 


3,300 00 
1,500 00 


3,000 00 
2,400 00 
1,800 00 
1,700 00 
1,900 00 
1,600 00 


1,500 00 
720 00 


4,500 00 
c1,100 00 


3,000 00 
2,000 00 
1,200 00 


a2,700 00 
1,900 00 
1,900 00 
1,900 00 
1,700 00 
1,500 00 


3,300 00 
1,900 00 
720 00 


2,500 00 


2,700 00 
1,800 00 


2,700 00 
1,500 00 


as, 500 00 
850 00 


3,000 00 
2,000 00 


2,300 00 
1,150 00 
600 00 
850 00 


3,000 00 
1,500 00 


& Bee 


3,000 00 
2,400 00 
1,800 00 
1,700 00 
1,900 00 
1,600 00 


1,500 00 
720 00 


4,500 00 
1,100 00 


3,000 00 
2,000 00 
1,200 00 


3,300 00 
1,900 00 
720 00 


2,500 00 


200 00 
1,800 00 


2,700 00 
1,500 00 


2,300 00 
500 00 


400 00 


1,500 00 
350 00 
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Classification. 
Grade. Rate per Extension. 
year. Experiment 


Current. Station. 


PRONCRBOK -Rietts ciecek can ciociie ne iid tee a braee eto eo he eww ee eas 


Instructor 
Herdsman 
Stenographer 
Department of Dairy Husbandry: 

HESSOR rae ses nc sa ce Peete Oars ae Meena edie wenden 

Assistant Professor... 

Assistant Professor... 

Instructor 

OES Sep rs CoSe SEE p BEC E COS EER EDTA ALE OCU ROFCEOE OE 56 A 

Stenorraniion ess erie tw cede ste outs s -Gla selec dpeente cae oaeem 850 00 SOON0O ME: 25. see. A cen esol 
Department of Farm Crops: 
MLORSOMS tee ig oste ota Marine sive tic ule. cin e'reteteraietoianir paola 2,500 00 1,800 00 700/005 | Beeerercreste ise 
FAMENREADG rete tee cere viebislo:cninie sic.sie cwls ose. o oc tye nosis Deleware 1,200 00 EMO oes hoeyctterers=: | stale eieteteleretorers 
ngEracton See ere ae ee Pe ek conse peor etoe Be dbee a 2,400 00 450 00 1 950)00 pi oreee irae 
MnatrUC Lom memeeies nies veces causiotieas bisa eoncie nen onan e 1,700 00 15200 (00 | 5 2.0:01s:p:a'onseinvel| etleietetelololajet='= 
Stenographer ceponec onc once ee mowaels oceiaetneioaese ae esre 720 00 720100 3) aeceteet lcoeecemenae 
Department of Farm Mechanics: 

PretGeROr se cep ee eterta creas Seen oui owl's Goa eee este ene oniate 2,500 00 1,950 00 5501003) cece ine eee ave 

AMBEYUCLOR ere oo ee Deen naan eo cee nate Cae a aa oe 1,300 00 HSU CDE Eapsesncccdel basnocbaoncs 
Department of Farm and Horses: 

Superintendent sees. blac cree ccs feiss ates lacie eee ea mieteeieres 1,800 00 S00 00) Meee oc atetets all aveterere ofetaiateinie 
Department of Poultry Husbandry: 

ALO IbroleRSOnemeis seie teem eiotae else ease nacise sis 2,400 00 1,800 00 600) 005 | secre 
PoultryaNlan eee cee eee ewe ele ee eyo ratio nonae® 1,200 00 USAR UI LU} sereehaceod] easoccasacee 
Ins tractor sees carne cee e tiered tise ton wba eneleces 1,600 00 LEU DO! aR aan ee Seeo | bonsanoosnue 

Department of Forestry: 
IPrOleseOr teen eee oats eects ce oe wistine ae eels wSioe oclsicleeree 3,000 00 2,800 00 200 '005||. 22 Sees 
NesociateterovessOr. scene eteoc ce ceineclereetes cowins ale dee eee caes 2,400 00 DEALOO LOO" |). o:2.0;0. 6 oj01 010.2) | s's%e see sleieteere 
FROOMAM MOLES b INUPSCLY seater iste inccio.clafelattaistielersiva oe ea ascese 1,100 00 TTOD TODS Wea ci ccreteietacetal | remtctereyetetererers 
DLeNoptaphien secrecy sre ccelatc sie sates ole oslo cise clo lcinoee a octton 800 00 BOO OO! |o 5 cic eecsiet re [soda weererere 
Department of Horticulture: 
IPOLESSOT) Teeny ate A Seite ores icles nla Sie aistoto rete torodic nacho mya 3,000 00 2,300 00 COOKOO Men = cero eee 
IAGAISLANCIETOLCHROD eee ere me aycicics sei cjaieciee we tio cie ea pinetoe be 1,900 00 Lit UU Ds eee G ora pacers laococdocasode 
FARSI REANI GUE LESHORE Oe tetera cle meres arch torce rete Sei cla onic eners 1,800 00 1,600 00 2001 00):| Sate eeeerece 
Professor 3,000 00 2,100 00 CT OEU Vil peeceoererec 
Department of Soils: 
Professor 2,400 00 600! 00/\"c-s-e ec 
Associate Professor PSTSOV00 | aces aoe lesen 
Assistant Professor 1,050 00 1050100 eeneeeeeee 
Assistant Professor PIOOKOO | oc noc ccmetea'| somimecnrerioele 
Instructor STAC UF EO ornG aleshacoaqisnos 


Department of Telegraphy: z 
AETISEPUCEOR eeaereertalia rac aise eis tote sie\s ole love Glereloisietetevels isla Sinimrers oi take 1,500 00 AES OO TOON o- sscverccc oie.s <7 Sees feisterotoctctets 


Experiment Station: 
otany Department: 


iAssintane © lanibreeduug ys cic ce nee tokens cistee eens TE 2O00RO0 acy ences. 17200''00|| 2 Sea 
Chemistry Department: 
(ONCHNE Riis nic Op RTO RGIS ap Botts GASDe an EOn SSeS Un ae mene S SSCL USU DE Me See onan ae 35000500). tee emacs 
ASaIBLAN EO HEMInb peices soma ae ete conten oiciotreen ociiceee cemnae ERT ee eee 14350300) oes ses ae 
ResearchvAssintantersss nce snc ec cce ceicine cone. 2 ODOTOO NA ne oe 250507100): ) c20e5... 
PABSIRLAM Gn rar Aen sie co cieeeica ce eahe oak cls coe arei once camaan 13500! OOS eae... 1 ODONOO Ee ncn nae oh 
PABSISEAN bine enone Me noe tye cote rocionclese b shetejersistek wale aera 1 COOKOOR | Penmere ee et 1 O00 100) Frese cc ncterare 
AGRI SLAN GHEE eee ae oe eis tre os See eis cae 1 COOKOO Reece LF Q00KGO) eens oe 
WRenearch Ghemistrsey.cian eco cece sc oake neces cee eeeeneeee 25200100 Henn ose. 2200) 00) Fee eee ecace 
Chief Inspector Fertilizers and Feeds....................-...- MOOR ODS eer en cae sace TS ZOONOO cso ee oe 
Inspector Fertilizers and Feeds..................2ecceceeeeee 156000006 |p see 1600000) i ketene 
Inspector Fertilizera‘and Feeds: <. 2. -. 02222 cacoccc sone ec cle LA200L00 SI Scere TEZ00K 00 |eaaase cee. ss 
Stenographers eee. cer eect ee eee eee eee Ob05000 len arieses te 950/00 Fess ca. 


Bulletin Cl ec rctotrscjaetde tere coaches women tamer toeee SO0H004| Rees reroete SOOKOO Ee Saaocec 
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Classification. 
Grade. Rate per Extension. 
year. Current. | Experiment 
tation. 
Dairy Department: 
PARSISLAIIG Me ecient aioe wieletslete cielo'ela/sloteis(elercreleieicvacersic cuienslowe sere S15 S00000 eerie ctrcar $15 S00!00| Fe 5 cnennie 
MTCLOPA CCOUNTAN Grae emeraciaictacicniele/sieisce/cleiaiccioieleiciciaie:els cle\e's\leie 1300) 00) Wesnceeneen: ¢ 15300! 00| er ecicrsocee 
IARI SEAN EMP ee eote nec ra toe wielbis oiesalcin ele ciels clatei cist siereleisielsio 1500. 00a oeae cree. 15500 OO Ses Se te 
| Inspector—M ilk Production..............2.20eeceeeeeeeeeees 15100100) | Cee cctt err c B100)100 | eisfor esate tetera 
Entomology Department: 
IRESCALCHPABSIStANE soos atstaicis csaistsicicie aie olatslaeiets ele elsisioiers: oleiereisielere%e 2500000) 22. eet oecices 2000) OOS sete) iac cts 
Farm Crops Department: 
Farm Crops Breeder. ........0..cccesccscccccesscccscoccees 2 000-007 Nee scetie sees 2 00000) sacs ascc ce 
NesIntant INI BreCdINg se ces e ena aics comnts selsienicieleleictelarscaiers 15 200;00) lt cee ceneene 12200) OO} a hee cane 
Horticultural Department: 
IAGSIBLANG epee selon econo ise sforae olalele ainisies cle elie steislecinierreteis.c is} 1#900 00k See sasecoee 1790000 Rosc cee. 
Live Stock: 
Fux periMeEN terete tess ac wise telnis-c ayars ecie aioratoveleisiavs orieleis cies 25500! 00M Wants series Pe HOOUOON Ase nt. oe sicte, 
Soils Department: : 
IResearOhyA SSistantsecssaoe ceva cial ialtfoislaisislciaticiciclersisisleiclelaters sve IG25OROOE We ose antes ee T5250 100 | a sisieratecicts lore 
TIVES ELZALOR ee ee Ne eae erie risislesetesielesereiclorncolers 154.00) 001) et oencsos W400 00s csastce ee 
Bacteriology: 
[Research Assoclate sss. tema cimace ciclern a cc ctatiowe a alasie staieitte araiate 2. 000L00R eeeaasacernrs 22000100 ieee cise 
a esearchvAssistants:<s. <tc lccincce one esc cla Sree wis ae access 1 SOG) 00) Iso eoce TESOOUOO| Eicon 
Division of Extension: 
Administration: 
DireCton aera ae ecaa ose Ceelk e Bieteaisieaisisiaiasie cies ee croortiercloraese 2300 00s [jeer nce cloceceesicie. $2,800 00 
CL ere eae sis cle alicia ira os alale ears eioiciosi oS Stonemctalsiealere TE 050100) | eee een [eoaemaeeene 1,050 00 
Stenographers serie cas aca cece weiiseaistas aectones otccisness SOOLOO Rs Nanna ecae secs 800 00 
County Agents: 
| Btateliendar sy cea seth dnd wre Ganitee ec aacuste sis cciisnels's 17980) OOM se anseaceoeleonea net a. 1,980 00 
(Ansintant ptate Weaderncnccin ccc cmoccwissecione oolcieis sierra ws 2 S00 ,00 8A a5 5 acre | soon coe ores 2,300 00 
Resintantistate leader, tesa naciye ce ccioeeio oe cotcleclewiestoeaic S00} O08 Resets cone aasce 300 00 
Agent Ohippewal Comeacc tecimnisemn sonsecuhie eek cone semoee ee TF OSO 200 nae te tere | Mens states: 1,080 00 
AzenteDeltaiCountyao sce acce cca nice cineninientenerisivios TROSOLO0D ee seme ste ee ca 1,080 00 
Agent Dickinson County ysicec eso denis cece anes seecemcese 1;080800" | See enieceeeclroctiecdesee 1,080 00 
Aeentilron Countypey esac cneieenie hoes ciniele aoe oe nese 1 OSOc00)" |e seers arse ncr crs om 1,080 00 
. Agente Wer ti COUNLYseapieilaeera men astlatie -lemrlateiin sersieisiaisre LOOL00! | Scat hasncaileeecacoste cs 700 00 
cent Marquette Oountycrn acces ce crea seoasicee ero en geienciels GOOKOOM eas rn nance srt: 600 00 
Agent Manistee’ County avs.s.ceccrsin cee cetsetamenies cc slomta es sian 6007 00:4 | Eee irene | 5 eas Sir ce 600 00 
Agent Missaukee| County he secaces heen ce en TOSOLODE | eeeaey | ehcc eee. 1,080 00 
AgentiNewayzo| Countysaeecc a tcmiscce ci are ciilsaneece seine GOONOO Rees eet eneeneceeee 600 00 
AcentiOsceolai County: sis:taeicsmarias auiciteteiconcaconwoceone ce IE SOO; OO me cet rae hee os noc nese 1,800 00 
3 Agent OttowaCountyye ssqssc serene sania e tea ces T5O802008 (RRR bese e ee 1,080 00 
Agentibresque: isle County asase shancneue ene oe cem ean cciiee TFORO 000 eee ences 1,080 00 
' Aventischoolcratti Coun tyne cnn otnine sactrenoeahaioecimtee cas 1 SO0KOOR aay ecceeee enon tena 1,800 00 
. Neent Oceana Countys a. .csccuiccmicnmesncc cme eeratraees TSO 0007 | eerceeeeveee |e se a ceeice 1,800 00 
SSUENOSTADHeN some sete eeyas ciaraistorevaieian aie ciote ote ohevaie alee tatalsieicyeceters SOOO eee asec mea tees ne oes 850 00 
Home Economics: 
DDECIALIBb esc clo rere nT aye alates sicjare cisiewsiesciahslosbie. aie lalsoitialalarnis ote 1,600), 00) [Ur Aecceaescl| cece ansae. 1,600 00 
SPCCLAMEE Space cers eras o clois Sislecicin clots nalals arsineiers sisioin.esieyeraieiay> 1 FA00 00). Scenery paces cs 1,400 00 
SpecialistiniHealthccsetasesccee aseee ec oe en siaemniioscevies DGOOLO0 I Eee esas seciha: cee mee ss 1,600 00 
Asai stan teem sec ar ics Sates ec rat ee ches elicis hots L400. OOM eee ery |Sraatene res 1,400 00 
Stenoprapher mapee me niece ste ks oresteeie Re cciosis wie nialoneiswwlenvers ZOOHOUR ee eecee ee srmnsoec en 750 00 
Boys’ and Girls’ Clubs: 
tatenveadersere ccs ie naa tate e osama oie aeieine oe bas SOO(OO | eeeetercosce | hastesnaeen 800 00 
INGSIBEATL ES Eee soe oeioie isto nie Cle Gioeioine Dara oln be oe Cletals halcis LOOLOOD ee yarscne. chet seen 700 00 
EXETER ENT ihe nd ep BOSOE ESTER ABCC ERIC Ten Coen Goce anne DLS OLOO ME ee merc |me cee the < 1,150 00 
Stenoprapllery estan e new a atoon es AR ee neces S20TOOR |r eceptes | ett nye ce 820 00 


Extension Schools: 
Superintendent yas seers hace lee ee Sean ans eae: PGOOK OOM eeenclcas lie cccnso nos 1,600 00 
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Classification. 
Grade. Rate per | Extension. 
year. Experiment 
Current. Station. 

Horticulture: F 

SDGOIALI GUM ae as eo eso pee CRD IEE ch ot stree chee caer “VTL Ufa ee 2S | $2,000 00 

JEST EI a Aor ae ey oA a PACU UM [8 Se ed ae 2,000 00 
Potatoes and Vegetables: 

DECI LIRR ree Rite fe i cee RERE ES, pe nena, ake swat aa ECD | Pl aaa sere re ar 2,400 00 

DOUIALIREee Re Pet. koe ena Roe aa maine bore eat TAGOOT OO OE Mee eee ike aes on 1,600 00 
Muck Crops: 

DECAL IG ertere nit een tons ae eid ls co wide cs oe nae ee TESOOKOOs Ate ota claseetes > os. 1,800 00 
Farm Management Demonstrations: 

PEMOMSUEALOKS eee toe sean Se mess hiee ce iulate akties nien ts tee ene UPD US ee 1,200 00 

IRERIRGAN Gores eter Ch ans ae Sot Oana eran tener PA.) |? See ee | 120 00 

_ Control of Insect Pests: 

RIDAO AUCs, a8 eae ns COBB BUSES TASS aMEE ear Ss OS JDARAE LT OOUROUMIMEMERaS 3... |. creme secki's 1,800 00 

Dpeclaliarneaplenltures 0c ras ae a necRie eee eae mee HEOTTUALL |hel (So es 1,200 00 
Household Engineering: 

SHED EUNE oo Seis ects See a 3) iia i eee ei TEES URU Ud = 5 See ee 1,800 00 
Forestry: 

*Specialist....... se per Satan t We eta CREA: Seer arte LACUS) Pee a | 1,700 00 
Poultry: 

SIPS EUS tae Gn aad 5 AER SEIS OP AE toe oe ces eee AE SOOROO Gee ese tee Nicer ncn ete 1,800 00 

WDSCISNEe oth ad Ge etek A eee br oe AN TOOOMOOT tte Ere En Le ke 1,000 00 
Markets: 

Wpeclalistees te Sica wae ee ae Per ears cawan Sebicie Mesiss Seis SOOR00 0] eee rrces pie lee sere ee 500 00 

RiGldEA pent meets eM | Rimes shee ho rickice Comitanee TRU HCL LIN [iS ere sees Re er ee 1,300 00 
ACCOUNLAN tata neater eerste che oar oe yercte aM nea co tiot ore 1 iD aa ee $125 00 1,325 00 
eubiica toni lerksre ta etre ork ten oMasn mictins ceetatenhls TLD a | |e 9 ae a) PR 750 00 
Assist. Leader in Home: ‘ 

Demonstration. .......... SPIRO athe? ee Cael ot Soe One PAO OO Reems ecm eae costs seee 240 00 

DAI rVAN eC AlIguereMPn ere cc ye)ate.< stein ome aah ie intestines PANIC) ee Seah Abend banner ee 2,500 00 

Ota ee EC cae st attest GLa Nee lose $445,645 00 |$314,055 00 | $61,645 00 | $69,945 00 

a—House. 

b—Other sources $1,000.00. House. 

c—Use of rooms. 


~~ 
= 
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TABLE NO. 10.—Salaries Experiment Station, fiscal year endina June 80, 1919. 


A a Ea ET 


DSHS aeedoooGketooobn nu hu a dodet od one naEndd oo cotebOonon be Hans Dboe Dooce ScRes oD Uo COMET. COMOCn onic or $1,500 00 
EWG MUy a iyye Geet bop ab coeeon a peo note ed caacocr dec apadod ccm Comneomonnoton sasned scope nean ac one 2 700 00 
Research Associate in Ieee) (appar aaoRe onMeGconue Gabe soto 6 oo O BOE OUE One ce et0cc a dome uaGrLOSCOrS 2,000 00 
Researcl? Assistant in Bacteriology........6... 0.0... cece eee e ect terete cence ence tect ee ete t ene e es 1,800 00 
Researchuassistan trim DAC terlOlog yarns sciirce iret talc cicteierete e: sunvslelstersteretena ev sieneelere siete Peer ene eS oh 300 00 
Research Assistant in IB dh cist) boli ARR oar A Wao EEE aE obtioo nucss 6: cane aes amn sate m, 375 00 
Research Assistant in JEL YA tag (0) by -n eee Cad od aoe CU DOGPaGHT ONO ME AoE eabas Bondo Bunb. oo cud MrMpoo nen aerate yt 111 24 
BET COMoULEe Aru Gyan aobbobbe ae doce URUROEDOn: Sono Guneceun hodeccnetebnsn > Ccolccnts oceSrEeIMer ae 413 90 
JACEE ri phil BT) Gla fe acer GRIME AGE o rd conte Bed OOo oie COs on Ur cecondend bat booc Go.cqoocomEacceees St 374 90 
7 Ami V2 Go biteb 6 snn moe Ongate cdc dacnp pea aeoeeb>ceepancncbacoemecee nbn: apcycancoodoulpr sour ch 2,500 00 
Assistant in Animal Pathology.................-...5- Pe Yi ae Oe aan tent © 2) Papeete coe e 464 70 
TSGTENI GA. en ede WS ba oe SNE Se I EL i SLE ony ae ean he aides rere Ue Nee inne Syn aoc ete ~ 200 00 
ISAC COTATI OLATI St Mae er ne eA et eve eee RN CORE BRS ey Oa NES oe aera eee Ry 1,150 00 
ResearchrAssociate 1MeBOtan ys: ercitise:= ape/-i-tele = eleyri eta] -tore ein! dewnieirsele Ghee ayn) e ome ape cia engct ato eieielonaie ries Ee ties by 412 50 
Research Associate in Plant TEA olen Ae Btn cb on Rana iene re nates Banna come noo oGeeerecenatigs ddoece a 1,450 05 
(Assistantiniblant Pathologyecs ns: cieieiim ise aciee lecreistelse Sore. ere sisie Se I IR te tact eth An Ren een Acta 466 70 
Gihre 115 Cte ee tre yt nn Rt Od Ee ee REIN Oe taeNaie oe Pee Mitea cthersyiseeee eed ary Noles yrs f* 2,999 95 
eSeATChPA SSOCIALE IM Chemis tryieec ice cscres lees iaie aise sic tee v ata ae ta oi teers Chen aio ys erated cach cpsteve reads a ber mtorsteveuals <a 1,100 00 
Research Associate in (Giamtiinicessuogcobosodsns cl saa o sooner re otoanin ces onndasat patudecnmecDUuoGce oe 2,050 00 
JERE Tan Olitinikin aes ee oe cee enea ao cab poe Coe ep tas paeeonGdeosneme nop saan ceenontiocsonohemaiccns: 1,550 00 
FRET erin CG athe de eeecae no boaeds GSSGrD Ban Eade Dooce ne en oe San Shore Coe tiodr ais oocs SAL eaare ae fn 1,000 00 
JARI Rie iaii (6) Wart ba. annie aeons cen plato unc oon a ee Nonan onDean oo bhe cocGcgtn baducodopEoUno net a 831 60 
PARA TS GAD Eyl CTI LEVI M ete rete eae Tee ee A ae ee eee ia atererars cide litoretsyareece tte 539 25 
Assistant in Chemistry...........----- Ee tri eRe A tel OED, As AME BAER se a8 baby any epg ae oat 7 27 42 
UNsargiient niin (CMa ai tage oo geeemeb ae ame a6 baageoncuaa sen aia nner >ontnn Cop comen CoochunadinnraaneaaqaT EE 19 50 
ChiefiInspector im Fertilizersiand Weedsis -7sa2) 2.5 tcc cadena 2 eritriciecieys 22 ein ol stn isle ssieyatalalaleleiohere aleve Ser by 1,750 00 
Mnspectominyhertilizers:and| Meecdseac seer etter «se creete ae sc cares cieesrete limita veces ete, 2/21 a0sEat) ayer vy siefarerai setete! Vatelor Jory hes 1,600 00 
Inspectocinyl extilszers and) Meedseenmen sertsteseyse arias oe aparece pram srtame caine = ee seiete siete sage eee Lee a 900 00 
PAM WEIS banca hacen eee ee ane ee ree eh OS tte ae ep OR Sener Ae eects Seis = 400 10 
IDiiay Jatt] SMG Tin aan Sa nine) cence abunee piss uve drioid acorGcnoepenhcnbbosacnarannonop,ch aban none 200 00 
AGI S outa Dp in gil sans One cops Boon eon cc oe Sdeeeh seers cdaeantor od snot oupo chu nots corooALebeoug rac ae 1,800 00 
Assistant in Dairying te th thn SMR cy t/t OD Egat aie Mee eee Pie Rae RY ye FOR RAE Poort 5 von Dnt ot i brocade fi 691 67 
NGG ONIN ERTHTHA IY To aR SIO Bos Aire oso gle Enclin et ciquia a titer a Gnmi ed nes ube mmancdddn aos hmm abies fon. vib 1,214 29 
Bieldinspector iy MalsProducts ss. - sce sarye 2 = Jeers cic tien hvala asia To sail c= eiaielosesinie ye arayehaa, tos rs = 914 60 
IT EOMOLOSIS Ee eae nae ne teeta ruic ah chat Ue oharacanonaie enintcraeh ees eretaraee slalene reve he SRA Gee LE ee 400 00 
Research’ Associate im Hntomology.. -2:-- 2.0 sees ce esac tees ae nee ces sitie nieite decieinisjeisiain sis sf0)s ajo oleinieletels i 2,000 00 
AGE LGiai TOM Onkisiite (Yay eh shooiem ose ae ote poled a0 ACU M Ec UnaE oo ctten Sotb oars o odie tiscodae: HpaaE ey 400 00 
Ieyiia (Caoy Db qa atl MO aoe) weer en.n nebo Ando oSeaocUhsuEae 57 aes ont daptaan nb ari.dec cama aoeaotanoorr 525 00 
Research Associate in Crop ‘Breeiliae Ree Rie, Tr th tL Raat ce nt oe ee RD Sys GON A Mens isin ays cot 1,949 95 
Supermbenden ts OropyMxperiments tenner Seles aver malts he ya states elect eraser ameter =eindaerovese pater yee 900 00 
INSSOCLALCH Mi MaAririnlVi CChaAnICSiiy maratctr trast ems ashe te rete eee Wn RU, BR Ae ae aetna ce tine 550 00 
TREO E S182 aah Bas ee AIREY SIS CRCRE EE ETE ttn SSSI Sr ait ae i eer etre ane SEL 8 ba Dae ac - 200 00 
Vice Directorandhblontyculturistirccrerts ates ssc: ohio. Naar eee fas ce eictene bee ueistenay ete ois Set 4 900 00 
[Eton ticul bunist epee eects oe see tcp aes es Ok an AP Sere oe Na ahs ARNE Va tie dan de 2s ate 700 00 
Research Associate in Horticulture... 02.06... sces cece eee ene es 1 SEER SEES Te OEE DT ASD R OU cornu ers 1,000 00 
Assistantin: Horticulture’, 1; o0<.c.22 dese ee nee Bt ehh eee SN aces AIOE ES DINE Ontos ware : 200 00 
INSsIBL ADE ITIPLLOLPICUIGULG ae, Neys-create eae ated ace ore ee era ee a OR er eee: cytes Gere eee te 1,899 95 
Wecoclaterboultry a dusbanGmans,.5.5 2a scence sn Metere teas Meieione ere ie eee aoa ieee ner rss stares oe Ea 600 00 
Sta TIULS( 12d RTGS TRA hina ere ae ee ee SIRS CEI PEN EN ied ete een ie Reo cies Biever 600 60 
[Reseanche Associate int Gols: eeysev seeks ye ee re Be are eine ers es 1,562 50 
INERCAO N JAS HIOb Oba SO) oan .co se Bee pend eaSnotoedrunach ofouccbbadeeeducctnedaccer ae quchagddeeraoda no: 1,050 00 
IN VEsbIsa LOT DISOll Smeets hee eee ed nN IS ae te ep eee et AeA VAR Smee ees als 470 60 
IEE. Ge testing seanO REE Derr HOES OE oN aS Eee HEI OSE icid.c cmon a Cea era ores iaemin cic he 120 00 
DECEELAL Veo eT STi oI er sera Se ores eee aS Sjartie PISA eres ceeneoneh rae ashe hepwaramen sie achaaevebbiave ayes 700 00 
(CHIR IG en 3 CRS HEN rT EIT oR cS OCEL ee TENE a Coe Ee ee ee Ee Oe cre enee enes 200 00 
IS Yoel dQ rh as Pond Ae ORT SRO Ine EE neon PE SOE ator cH note can aEE eames ene aoa aren aan aete 97 82 
CHVCMC Lerkpeee prec ss ener aa a rire aad AO eth mS Phy ish Ae ayer hse Orn ome Ne a athe oe 125 00 
PAP eVSyCOvea eT 0} tT) oat Ai en Oe ae arte nna ert re fe A ee et ae ata eae ea ae eae 950 00 
SGU iarery DUG AB On ees See soe Ee AiO Ate Pee DAI RI pr rear ROA ah nb aD oMTe aL ion a Goer ERG 350 00 
Bulle tiny Clericsiemr see in teers seers yale BEE Fe a Gai se on ie oe GRE Rne HORDE Raat copn OCS tnCae 800 00 
Uonve Stocks Wxperimenters <n werijsetises «ae noisieaieiactew sce atejamiaale eis Aa aace Sle ccue see Rete teh yee aes © 2,500 00 
Hiberpinivesti sat Orsi tvce nese lrsci eae yoo aoa aI TTR oO TG VA Le STs es te rca ree 974 20 

DRA lke ooh Shee eS PEs Bip rok pial Rn PR Ree Oe ie Se ae ph Fa AA Arn ca aciort ona atcre $56,532 59 
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TABLE NO. 11.—Salaries Extension, fiscal year ending June 80, 1919. 


Administration: 
DirectOr...cccocccccccccccenccseccesccccscacccccsserececanevesecescecniees osc cisiceimsmaviegenmeP islet $2,800 00 
Pe cor coocckc decd entesecedesdeewecnaddeedna ree ana 1/050 00 
Stenographer..... Locapecneesensecccnncstecerscacncccccrscnneecssscees sco. 0 0 9a irate Raemesta 800 00 
Superintendent of Publications...........0.-ecececeeecereercececcccccssresccccecscccsessccsessserers 900 00 
Stenographer...........cccecccccccccccccccecctacstecsccnccesecscecccececssccncecnsagecssesnecccccs 750 00 
AGOGUNTANE. .. 0 cuccccccccecccccvccccctacceccctoccsccssvencece cnc csiceniniaie sialeis\e\= lt aeteteleaie tsetse ie 1,308 20 
County Agents: ‘ 
State Leader.c<.<ccccccecccccccecceccccsecsccncceovcsice see es 0iceialeii0\eje\nie o.0ls)sin\ee elie ieleteteret ceieltacs 1,724 98 
Assistant State Leader... .........2cecceececececceceecceccecseccsecetressccccescscrencsccsnssscsees 163 20 
Assistant State Leader, U. P............- ccc c cree cece cece rec ececctsecees Pee ae HaGsoa aoe 1,462 45 
Agent, Allegan County...........00eeeeceeceeeeec estes eeteteteeernerttenteeerecerecereccesscseeeeas 239 69 
Agent, Alpena County............00eeccececeeeceeeeesseeteneeeeetecerenscccsscccesscaccccceserecees 104 26 
Agent, Berrien County. ...........-.ceeceeeeee tere cere ces eteteaetaessscecececerscececsscsserccesens 352 21 
Agent, Branch County. ............seeecseeeecce cece eet eteteteeeteterscsecncecsceccecesenascecesens 239 69 
Agent, Cheboygan County .............:.2ecec cece eee c etree te tetnteceeeeceeeccereees a ok Ree Seve ere 464 19 
Agent, Chippewa County............0.2cccceee cece ceeeeeseteeetenerecescenseacceccsccscceresccscers 1,012 46 
Agent, Delta County... .........0cccecceceeeeceeeecececetesetesecsccsecececeescecceccccescsscercess 1,012 46 
Agent, Dichinson County.............cccceccceeececeeteereeeececeeeteesessccssstensssccreresessers 899 94 
Agent, Gogebic County...........ccccececeececeeeecececeseseeetcseseseseeetecececeesesenscccecnsces 239 69 
Agent, Houghton County..........-00ccccceeeerececcenneceeeeeeeeens cee tescesescecececcssesccresess 239 69 
Agent, Iron County... ...2.s.csecececcccccccccccscnccccccccccccscsos Beres 849 44 
Agent, Kent County..........cccseeccecceeccnccnceeceeccccccceseseceececs 859 16 
Agent, Lenawee County..........ccceecccnceccenceencctenscaceceecceccsesons 239 69 
Agent, Manistee County..........ccccececccccccecececcceceecccsccecscescccccscnces Dieae 368 94 
Agent, Marquette County.........cssccescccccccrccsseseescccececnces Ree erie ner aise cinsipicjsiaperete 600 00 
Agent, Mason County.......-.sccccccccccccccccccecesscceecssscsssccsscssccsccreserescecsrsaccesees 352 21 
Agent, Menominee County........0ccccccccecscsccsccscccercceccsscscsancoscscrensccccorasererscsay 520 46 
Agent, Missaukee County..........ceccceeccccccccneecseetececececscscccesreccetnccsecsscterseessens 1,012 46 
Agent, Muskegon County............c0cceceseceecetereneeeseessacesenscnseeccesssasaseasnseesenees 374 20 
Agent, Newaygo County ...0..00.0c0cc0ccceesvicceine soe oon ewis wie vleisiniejsinisforerristeleietetetetetetoelaie\ernteis)els/siate 600 00 
Agent; Oceana County . is. s.se% circ sincle so oo save die 41s1\0ie einie n's ss o aes olelale altace oe eee eee CRE RI NSIeine ss: 745 00 
Agent. Oacola County. 2. oc. coco vee ciococc sone +o 0'ntp 0100's /0\nrnelatale elsiaie/atetelalelofe alaletsetobtelsistels lapis Pyaar 745 00 
Agent, Ottowa County. oc ccccescce ses ecis ci a-sie/seba/s cic s/s vince o.o'e/cfelslela etete SreleTetere aeetene ete totelatetstatetatertatel shot 1,012 46 
Agent, Presque Isle County. 2... 25 0200.cccce scioccinvece ce ocecels e/a seiielses ele miele etneiiemsreleines ele 1,012 46 
Agent, Saginaw County. s0.cccc0 ence ooo0 oe.ce os ecieis sin:eiele o(els o:claisieetcleNe nee ne ete ete tenet rererstenetislerate 249 50 
Agent. Schoolcraft County... : ..-0sce%e0ccree cc cictne ies c0/sle so cininins telaleiepeeeieee terrier ATG ADReOC 745 00 
Agent, St. Clair County... 0.2.5. 0 0csccc00 6 0cesee ccc c cee nile stale s/elois oteteileletetateirar eteletels ole ertcttelettetensicteleterets 249 50 
Agent, St. Joseph County’. «2.52 -2cccncocesc's0cs'ecave cesioe sos see sisteet neelee aie tetenecteptetretiscl= = 249 50 
Agent, Van Buren County... <o..0<i00cce0css ccc ce ciswieisccie nels «lsinjeleleleteeiels Oot teleem ela teieleleteleteteteilerler 298 40 
Agent; Wayno County... sic<- 5..csscsc0ce/ 01v'c oocis ones se seis «cls cleats cle mieleleelsleineeeeee ee ieee tttelstestelatctate.si= 374 20 
Agent, Wexford County::.j0c 5 <scscc05.c.00s o1sia;00rere 0 /sisreieiee e oleie lle ersten SAC CECI eine leet taee Re era NetsIey-[etereiave 249 50 
Htenographer sss aicssleiecwies «oor oie 60.0 eaisisie.c sien sie/eisieeislelcioleis Cee C RRC OCC EE Eee ERE Eee eC bita: 850 00 
flome Economics: 
Specialist im Charge. << o:sjc.0 . «0100.0.0.0:c70.0:0 0\0'0,0}e)0i0"6 0,610 6:0) 610 a\e/avelo nfo »\ala‘e late Celeta eietets nketat ata okadaic ketote fete tatetetatexefeleiet= 1,600 00 
Specialist: 2.0. occa ci sowie ce veces vc.vdie6.ceGcwsidrecielnieis de necetee, 0 cence te eieere DEE ERC ert Rita Taeclo!= 932 10 
Specialist. <. oc5sos.0- 33 60 
Angiabant smoot aera meine cnh con nee we aae win krnies oO eee 1,400 00 
TRATES ip Ata chobaebacd CoompoobouooD BEpannocanaaaaocdae 101 00 
ASBIStADE . 0... sense ccceosceancccseresesecseecscecvccccercs --99 30 
Specialistin Health ss: ccccsececcsececeeccevcesteveecocusdess oes itie eet teee neem rcie: 1,330 40 
Stemographer <..scc scl escs wc cec cess occ cenisccbiee sie sanlsie’ olces +0000 Rat E ieee ee eeE eee eee eet ar 750 00 
Extension Schools: 
Superintendent................... ua cise nie Slats aces t's e'0reja.0,0'0 oie « sida 8's Sia Ole = ote eee eA EER ES Estes STs 1,600 00 
Boys’ and Girls’ Club Work: 
State Tender oo... 5.c.cie1c:eic'ere.0 svels,0 oie c:sre nis.0e,ele%s o'ereiciardiciele'ae oe witse sho clelelOe OSE GREER RE EEE EEE OEE EEE Geet 275 00 
State Leader. oo...co0.cs sieec.cc.00c.ie siege oa: e-eleeje,sleisiese o.6.0[e Sinield's osecsie sis Ones Cleese eR Renee tetas tetors 665 20 
Assistant State Leader... 6. cccceccececcsccccse ccs tice sedtcscee seeche tisew a eetn SOR mOe Cee een: 1,150 00 
Aasistant State Leader 2... 555. c cece ccccc ec ccieesiescie'ee.ce cic vjsleisienie so. cis\s Sele tet ee ee eee eter Ei Teeeeeyl 409 00 
Assistant State Leader. 2.0... cccccs sc cnweceec'ec eve cule v.ce cc's sec nceicsnies (enRR CER OEE EEE Cet reirrr 89 60 
StemOGrADNGR sc occ Gaaies foes salen ccas oie dieacdceseecdneciecnes cesliseocs S50tee Th Ct REECE EE EEE EE EEE 850 00 
Btenopranhense ccs aoe atten e a ceeee Peer eee enter nena cbs cobs odcn000000050ap 200 00 
Farm Crops 
SSPOCRANIEG ae alo ste nip Gis ness = =\0\0in taal co's siaicienis.cie.sia.clele/es olaicraicia’e/s/o\siclels elation = Cee ee ee eee 1,800 00 
Assistant Specialist. 6... 65 «ccs 00s cscies oe seise eres oe eisle oc creiejele'els seis 9701s SOR ENCE OEE EEE EERE REE 577 76 
SSEEMO OTANI oe oe aiois oles. slaisin cicin'ele oisic.c'0 cies eisiblcie'e.c 0 e'e\eie wlsie\eie aie sieielcie.t sw's se el eineinioe ROT ee E EEE eee ets 829 20 
“ pack: 
CNA Rat Ses oa ep Peja ete o late arn Winte ls einin ava\ols vielSiclavaiwiejassieiaw e/sinieiefete'eletalslaiaie\oieleiaisieisyo)a1= ae eee eee eee eke 00 
Sem eee 600 00 
eset 
MANS tithe Pel ote te amie esses wi aseia Sidhe’ e clo wiofe lu o'o.c o[e eloiniaie a's eis aie in oie alavelerstalerotore 
LS SRE Et RE SE 
Potatoes and Vegetables: 
RRS eats eh rns Soe Sens aeeuts woes sencs <a cclsee cua tee oc mmenee eee 2,400 00 
SMR eta ea oid nce sac ee fl gens uhaeinncg atin ac ee ee "TIT 78 
Bibettopraysinirs sets lee 2a «re toe mere elaine San oon cidisios ahaa weg nies Fe eoat ate een 15 63 
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TABLE No. 11—Continued. 


Control of Muck Diseases: 
SOW ATE a aioear GaSe Ro heun tonal tae Gatcin nae Acar aa err Aaoe Cae ane Ac Ge ABR Mec eE its eee $1,350 00 


Farm Management Demonstration: 


DpPeClalisuMe: sara5- cee eee ee CHOSE In aertinre tenant Coe Bes Gai brereistale. stavaletorayereve syaS says 700 60 

LCE GO h, RAB AMA BORED Os On EO OO CREA pa SOc OED ar SACS Dra eaeoncnnic nce ce nnds Sabre Op pncecco one 90 00 
Control Insect Pests: 

SFE LUT PE a Oe eo te ee a CIE CRN LBC ent a SRC Sette CRG pce e cb ioe aero 1,800 00 
Household Engineering: 

REC LAL Sire ee nese Poser nee erate rere ara lera aia Lote te reseh esate char ehazecesslcueatcrahnns strc c/s ahaevelphared tare: Man eatiore Siete \ece 1,800 00 
Markets: 

ID Tie (piro® Gn 6 OGIES Seip Ga CaO ts SEE ot Gar pc Rene MBBS En aHIBS ROS On Oe COCRALD TTCOMIG Mr Mice rickr Mieertra 1,327 80 

STR U te Bn orga Bes Orecag Econ One Be ae pune bs onneOn SHE a aact on Oadnet wen ats 34 OAR aTOn GAercr eee 500 00 

SPaHtlelie he Se peenebapaBigols cdoesoh Saeco e tab? aac GUL Se Barend SOO COBpOTOD Dore AACOCOOC COR Out eodcuons 476 71 
Poultry: ; 

Dpechalistis et wate se wee eee: BES OCG PRE DiS Orie CORO Unc SEROTEC COG ataCoD pnt tte 1,800 00 

PASAT SEAT CE eer re he aloe eee Sree aT TST ero ere aGs aus (Cebu VcTRISE: om ate Soya tale BratcT obey ta vere erway 1,000 00 
Forestry: 

SSP TTS He Ce ak a I one SN ce leita Ma eel os OBC BOR OD DOOR ET PACED ORCC oCND OCT r Ene 850 00 
Dairy: 

Specialist=ec ses hist ise tassig coe: NobEL bos dcoler Sano age CECE OReNonnaeto or te cane c an brane doce mente a 1,644 40 
Agriculture: 

Specialisteprecs acne Ce eee DE aE OSE rat Fok EA CORSO OC CRC OCOD DD OOD Cinor a 1,200 00 

CU EA lacie Rael eae A ae ae SOR a i ee a Sore ae Sat d A PRY ren = Pr aS oe $63,261 82 
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REPORT OF THE PRESIDENT: 


To the State Board of Agriculture: 

Early in July, 1918, a request was received from the Committee on 
Education and Special Training of the War Department saying that owing 
to the proposed establishment of a Student Army Training Corps in all 
the colleges throughout the land and the consequent demand for men of 
experience to act as Military instructors, members of our faculty who 
would volunteer should attend an Officer’s Training School at Fort 
Sheridan, Ill., lasting for six weeks beginning July 10th. Dr. M. M. 
McCool and Professors George Gauthier, M. M. Cory and C. M. Cade 
volunteered for this duty and were in attendance at the school for the six 
weeks’ course. 

The entire plant of the college being made available for the training 
of auto mechanics and auto truck drivers—enlisted men—necessitated 
the erection of barracks for the accomodation of the increased numbers 
which the establishment of the 8. A. T. C. brought about. The site 
selected was immediately on the east of the Horticultural building where 
connection with the steam system and sewerage could easily be obtained. 
Hight barracks and two mess halls accommodating fourteen hundred 
men were erected and completed just before the first of October when 
the College opened under the 8. A. T. C. plan. Into these barracks were 
brought the men of Class B, those who remained under instruction for 
but two months and were trained in the techincal branches of auto 
mechanics. These were housed in the barracks and fed in the mess halls. 
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October first, all available places in the men’s dormitories and the 
upper parts of the Agricultural and Engineering buildings were given 
over in accomodating the men of the 8. A. T. C., Class A. Under Govern- 
ment regulations these men must all be high school graduates. or have 
had equivalent training. Men from all over Michigan were received and on 
October first, with an impressive ceremony they were sworn in as joint 
members of the College and as soldiers in the United States Army sub- 
ject to military discipline. They were clothed in U.S. uniform and received 
the pay of a private in the ranks. 

The Navy department also established a unit for naval training con- 
sisting of fifty men. They, however, were not segregated from the S. A. 
T. C., but were a part of it. 

All went well until the tenth of October when Influenza appeared. 
The characteristic symptoms of the disease were at once recognized 
and efforts were made by the Medical Corps to restrict the spread of the 
disease but without avail. As a consequence, extensive hospital space 
was our greatest need. The only way in which this could be provided 
was by moving men from the east barracks tothenew gynmasium and using 
the barracks with cubicles as hospitals for the Influenza patients. The 
disease was with us from October tenth until after the armistice was 
signed. Deaths from the disease numbered eighteen. Aside from these 
many of the cases were of such a severe nature that the patients have 
been a long time in acquiring normal health. 

Quarantine was established immediately after the Influenza showed a 
number of cases and the young women of the college were segregated in 
all class work from the young men. This quarantine was maintained for 
over six weeks and resulted in our being able to keep the Influenza from 
spreading from the army detachment to the occupants of the women’s 
dormitories. There were only two mild cases among the young women 
which might have been diagnosed as Influenza but there were no deaths 
among the young women students throughout the balance of the prevalence 
of the epidemic or the rest of the college year. 

I desire at this point to acknowledge gratefully the assistance rendered 
by both the Lansing and the East Lansing Red Cross throughout the 
Influenza epidemic and also the great service rendered by Miss Elizabeth 
Parker, College Extension Specialist in Home Nursing and Mrs. Margaret 
S. Holt, hostess at the Peoples Church at East Lansing. This church 
offered the use of their parlor as a headquarters for the friends of students 
suffering from Influenza, where Mrs. Holt met them and rendered every 
assistance. 

When the first case of Influenza appeared, the feeding of the patients 
was a matter entrusted to the army cooks at the mess halls. As a result, 
the food which could be provided the invalids was of a nature suitable 
to a military campaign. Professors Edmonds and Garvin of the Home 
Economics department early recognized this difficulty and under their 
supervision, aid and assistance, a diet kitchen was established in the 
basement of the Horticultural building adjacent to the barracks. This 
change in the dietary gave favorable results at once. 

For the next few years, no aggregation of teachers will ever gather in 
the United States without discussing more or less heatedly the outcome 
of the experiment of the establishment of the S. A. T. C. While both 
students and teachers endeavored to make the plan a*success from an 
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educational standpoint as well as the standpoint of military training, 
owing to the multiplicity of details and the newness of the idea together 
with the overpowering drawback of the great Influenza epidemic, the 
results obtained educationally were far from satisfactory. 

On the signing of the armistice November 11th, the question at once 
arose whether the plan of the 8. A. T. C. should be continued. The matter 
was submitted to be voted upon at a mass meeting of the members of 
the corps and an overwhelming majority of the members voted adversely. 
This being also the outcome of similar expressions of students in other 
colleges, the plan was not continued beyond the close of the fall term. 
One of the members of the organization expressed it thus—‘‘S. A. T. C.— 
Stick Around Till Christmas.” 

The College opened for the winter term on the pre-war basis and with 
a fairly large representation of young men at the opening of the term; 
many were back from the service in the cantonments and from time to 
time men wearing the service stripes from abroad dropped in so that 
each week showed an addition to our student body due to soldiers from 
the service. 

The severity of the Influenza epidemic made the postponement of the 
winter course scheduled to begin early in November, advisable. 

The Eight Weeks’ courses were inaugurated as usual and at the close 
of these courses we made use of the now useless barracks for a display of 
material at our Round-up Institute which, owing to lack of space here- 
tofore, we have never been able to do. The eight barracks, 20x120, 
were filled with illustrative and instructive material from the various 
departments of the College to which were added very interesting exhibits 
from the State Food and Drug Commission, the State Board of Health and 
the State Highway department as well as other contributors. The United 
States loaned us a machine gun, also a liberty motor with propeller blade 
which attracted much interest. As a consequence of this, our attendance 
during the Round-up Institute was the largest the College has ever en- 
joyed, estimated at between four and five thousand people. The planning 
and carrying out of this project should be credited largely to the efforts 
of Mr. Ashley M. Berridge, Director of the Winter Courses, and his as- 
sistants. Those who saw the exhibit urged upon us the necessity of 
making such an exhibit annually. It should be one of our future plans 
to provide a large and appropriate place for similar exhibits to be made 
annually as a feature of Round-up week. 

Early in the spring term the Government began assigning to us re- 
turned wounded soldiers who under the Smith-Sears Act were eligible for 
technital training as a means of rehabilitation. These men have remained 
with us for the balance of the year and have been doing excellent work 
and we are confident that the efforts of the Government in this direc- 
tion will warrant the outlay of money. 


CHANGES IN BUILDINGS. 


January first, at noon, Williams Hall was discovered to be in flames 
and notwithstanding the strenuous efforts of both the Lansing and the 
East Lansing fire de ‘partments, 1 was burned to the ground. This was 
the oldest of our present dormitories having been completed i in 1868. The 
fire involves the loss, not only of rooms for men students but also the 
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matter of Club boarding facilities. Extensive improvements had just 
been made in the building in relation to its dining-room and kitchen 
facilities and the effects of the loss are serious when we consider the 
present and future needs of the College. It is, however, to be hoped 
that for the coming two years the facilities provided in the East Lansing 
dining halls and cafes will, together with the large facilities now existing 
in Wells Hall provide for our needs of the men. 

(It is of interest to note that Williams Hall was occupied as a dormitory 
for just fifty years and was the first building heated by steam erected on 
the campus. At the time it came into use the college attendance for the 
year totaled seventy-nine—eleven seniors, thirteen juniors, twenty-seven 
sophomores and twenty-eight freshmen. The average age of all the 
classes varied from twenty to twenty-two years. ) 

The bell which has for the last twenty years, sounding from the tower 
of Williams, wakened the student to his daily duties, was lost with the 
building. <A series of electrically controlled clocks were installed in the 
various buildings early in March and so far seem to fill our requirements for 
time service. 


The small gymnasium room in the women’s building having become 
inadequate for the needs of our increased attendance of young women and 
greater facilities being needed for lecture-room purposes, this room was 
converted into an amphitheatre lecture-room for Home Economics. To 
provide for the physical training of our young women, the new Gymnasium 
was requisitioned for their use in the forenoon for five days in the week and 
as a result the young women have had during the past six months the 
best facilities for physical training that they have ever enjoyed. A special 
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instructor in swimming, Miss Helen Grimes, was secured and through her 
efforts a large proportion of our young women are now able to swim and 
it will not be long before this accomplishment will be considered a necces- 
sary adjunct to the training of every one of our young women. 


RESIGNATIONS. 


Professor Harry J. Eustace, who returned to take up his college work 
at the beginning of the present year after service under Mr. Hoover in 
Food Administration during the preceeding year in an important capacity, 
resigned as Professor of Horticulture at the close of the current year 
to accept a very responsible position in the advertising department of 
the Curtis Publishing Company of Philadelphia at a greatly increased 
salary. Professor Eustace will be remembered by his students both 
for his ability as a teacher and his preeminent social qualities. 


NECROLOGY. 


Henry G. Reynolds, Class of 1870, died September 5, 1918, at Pasadena, 
California. Mr. Reynolds served as a member of the State Board of 
Agriculture from 1879 to 1885. On completion of his term as a member 
he was elected as Secretary of the Board and served from 1885 to 1893. 
Mr. Reynolds’ interest in the College from the time of his entrance as 
a Freshman never lagged in the slightest degree. 

Rolla C. Carpenter, Class of 1873, died at Ithaca, N. Y., January 19, 
1919. This gentleman held the Professorship of Mathematics and En- 
gineering at this College from 1875 to 1890. From 1890 until January of 


the present year he was Professor of Experimental Engineering at Cornell - 


University, retiring from active duty at that date. Professor Carpenter 
was one of the best known engineering instructors in the United States. 

Byron D. Halsted, Class of 1871, died August 28, 1918, at New Bruns- 
wick, N. J. Professor Halsted acted as instructor immediately upon 
graduation, later becoming connected with the editorial staff of the 
American Agriculturalist and finally assuming the Professorship of Botany 
at Rutgers College in 1878 where he continued until the time of his death. 
His work as a Plant Pathologist had national recognition. 

From our teaching staff two deaths due to influenza are to be recorded— 
Professor Rose Taylor of the Botany department died on December 6, 
1918, after a week’s illness. 

Dr. Domina J. Lamoreaux, who graduated with the Class of 1918 and 
was assistant in the department of Animal Pathology, died on February 
27, 1919, after an illness of but five days from influenza. 

The College lost two efficient, conscientious workers. 


The unclassified, employees of the College, steam fitters, electricians, 
mechanics and day laborers have heretofore been entirely without pro- 
tection in case of sickness or accident. During the year, however, a 
mutual benefit association has been formed to which all the employees 
of the College are invited to membership. This is now successfully 
established with approximately one hundred and twenty men from the 
pay roll as members. I believe this is a very proper step. 


— 
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». The Legislature of 1919, after appointing a committee to investigate 
the systemgofgaccounting and general financial administration of the 
College and finding that the methods employed in the Secretary’s office 
were entirely adequate, turned their attention to the needs of the institu- 
tion and after careful investigation by the committees from both houses, 
unanimously passed a bill granting a total of $180,000.00 for the support 
of Extension work, also $560,000.00 for the expense involved in the erection 
of a new Library and Office building combined and also an adequate 
Auditorium. 

On April 6th, Ex-President Wiliam Howard Taft delivered his lecture 
upon the League of Nations before the College in the new Gynmasium. 
President Taft’s arrival in the city afforded an opportunity for the Legis- 
lature to invite his appearance before that body where earlier in the day 
he discussed the League and its underlying principles before them. 

As a result of our spring Military inspection by the officer detailed 
from the Government, the R. O. T. C. Unit was found in such good 
condition, due to the untiring efforts of Major Wrightson, that M. A. C. 
was for the first time placed in the class of “‘Distinguished Colleges’ by 

-action of the War Department. 

On June 10th, the College was visited by a delegation from the State 
of Arkansas headed by the Governor, C. H. Brough, of that state and em- 
bracing many citizens of prominence. ‘The day wasspent in the inspection 
of the College and its equipment which appealed so strongly to these 
gentlemen that they have, since their visit to us, made efforts to separate 
the Agricultural section from the University of Arkansas and establish 
it in a region which is better suited to its development than it now occupies. 

Among the usual pleasant activities of Commencement an innovation 
was instituted consisting of a Pageant, the essential idea of which was 
the historical development of America from the earliest times to the pres- 
ent. Assistant Professor Norma Gilchrist Roseboom of the English 
department devised the plot of the Pageant and was assisted by the 
staff of the Home Economics Division. All the young women in the 
College participated. 

Commencement day we graduated a class of one hundred and nine 
persons. With those receiving diplomas were members of the Senior 
Class who owing to the war had not completed their college work. The 
Baccalaureate address was delivered by Rev. Wilham W. Atkinson of 
Detroit, Chaplain of the 119th Field Artillery. The Commencement 
address, ‘“‘Yesterday and Tomorrow,” was given by Dr. Robert M. Wenley 
of the Department of Philosophy of the University of Michigan. 

In closing this chronicle I desire to express a deep feeling of gratitude 
for the fidelity and earnestness with which every member of the College 
has carried on during these most trying years. 

Respectfully submitted, 
FRANK 8. KEDZIE, 
President. 
June 30, 1919. 
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REPORT OF THE DEAN OF AGRICULTURE. 


To President F. 8. Kedzie: 

The work of agricultural education within the division, during the 
year, was seriously interfered with by the war, as nearly all students 
qualified for war service enlisted or were called by the draft. As the 
course outlined for the Students Army Training Corps, offered at the 
beginning of the year, did not contain any agricultural or scientific sub- 
jects closely related thereto, the agricultural course was pursued only by 
those unqualified for military service and those under draft age. After 
the signing of the armistice and the resumption of the course at the 
beginning of the winter term, every effort was put forth to adjust the 
most satisfactory classifications for those whose work had been inter- 
rupted by military service. The faculty was generous in granting sub- 
stitutions for courses missed and not offered again during the year. The 
following table indicates the number and classification of those enrolled 
during the year, not including 125 who attended the first session of the 
summer school which began June 23rd. 


SUMMARY OF AGRICULTURAL STUDENTS. 


Agriculture — Forestry 


Graduate... . 2 2 eee 6 0 
S@NLOM: 2 6.05... ee eee 60 2 
JUMION. <2 50 Oe eee 59 5 
Sophomore: )/ysse te eee: 57 2 
Freshmen? 3c eae 108 0 
Special: ee fore thse) eee eee 15 0 
305 

314 Ags. 
Summer Session: (19118) yee ae eee 47 

361 


On account of the ravages of influenza, the opening of the short courses 
was deferred until January 6, 1919. These courses progressed satisfactorily 
with gratifying results under the capable direction of Mr. A. M. Berridge, 
even though the conditions were very unsettled and unusual. The fol- 
lowing statement includes a classification of the numbers enrolled in 
the various courses. / 


SHORT COURSES. 


Kight Weeks General Agriculture, First Year.......... 66 
Hight Weeks General Agriculture, Second Year......... 12 
Sixteen Weeks General Agriculture, First Year........ 15 
Sixteen Weeks General Agriculture, Second Year....... 10 
Poultry Course... 2.20) SS eee 15 


Forticultural Course.-. 3... 4... 2 eee 7 
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Speciale COUNSe. mar. AAs coer were ae ene Soa SMe eek ve 10 
ALBYER ng yak Ieee eyecare aye cy RM EP Cay aC go oo iV/ 
Cr air LOM ne es se eoeee a tare x ae RU ROR Sag tHE he 16 
PN DICUILG UNC ere oe ae see eel te ite es Os 26 
Pour Weeksebractor Course: ...2 7 ou tie es ess, ss 166 

560 


In the Agricultural Division and Experiment Station no less than 
forty-six persons, mostly younger instructors and investigators, responded 
to the eall of their country in its great crisis and rendered valuable aid 
in actual military service or in furnishing assistance indirectly in various 
ways. A word of commendation is due those who remained at home and 
who were called upon to increase their efforts in order to continue some 
of the most essential work which had been abandoned. The following 
list indicates the numbers of those from the various departments who 
engaged in military service or war work: 


Military War Work 


Dainty oe on Ae eS 5 3 
COPS re eroreaid ne nae ane hb aeisl & Be os 5 1 
SAC LOTEOIOW er oer. ee. hateaats odin! 8 — 
VOTE CU URG era at ware ee ere 5 1 
| BOLIC W OR Ga ores bade aie career Suna en ee ce aA eee + [ 
HmbOInOlO@ yn. te seh ee ee oy eee 1 ie 
Whiemiistiy ose aa thee ue ee ns 3 2 
Oil Senneterre ea tek n rae se nein ee ee, 1 2 
IROMNGEYerse eee tee ans See cee 2 ee 
ORES UTaysge tee te tors ape cece peace Pia ae 1 1 

35 ig) 


The following list includes the agricultural teachers and experiment 
station investigators, who during the past year have gone into military 
service or other war work: 


DAIRY. 


C. E. Newlander, U. 8. Dairy Commission. 

F. Hagadorn, ie. S Dairy Commission. 

R. W. Wyant, Medical Corps. 

A. C. Lytle, Army. 

Paul Omans, Army. 

S. J. Brownell, Army. 

Herman Andrews, Officers Training Camp. 

A. Ransford, Girls’ Training School for Farm Work, Illinois. 


CROPS. 


. F. Cox, Air Plane Supply Division, Washington, D. C. 
. KE. Down, Army. 
. L. Bibbins, Army. 
. P. Murphy, Marines. 
-H. Gretton, Navy. 
. Laidlaw, Army. 


earns 
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BACTERIOLOGY. 


Robt. Tweed, Army. 

J. F. Morgan, Sanitary Corps. 

C. G. Nobles, Medical Corps. 

¥. W. Fabian, Sanitary Corps. 

1. F. Huddleson, Medical Corps. 

L. H. Cooledge, Medical Corps. 

L. R. Jones, Red Cross Sanitary Corps. 
H. J. Stafseth, Veterinary Corps. 


HORTICULTURE. 


Prof. H. J. Eustace, Food Administration, Washington, D. C. 


R. W. Peterson, Medical Corps. 
H. Don Hootman, Army. 

J. H. Carmody, Army. 

K. B. More, Army. 

KE. C. Volz, Army. 


BOTANY. 


. F. Murphy, Army. 
>. W. Bennett, Army. 
Hv Cx Young; Sanitary Corps. 


Bie 


Ray Nelson, Army for a while, later receiving agr. exemption. 
JE: Muncie, Bureau of Plant Industry, Washington, D. C. 


ENTOMOLOGY. 
P. B. Wiltberger, Medical Corps. 


CHEMISTRY. 


C. 8. Robinson, Sanitary Corps. 
E. J. Miller, Sanitary Corps. 

F. F. Hebard, Naval Training School. 
Percy O’Meara, Army. 


T. E. Friedemann, Medical Officers Training School. 


SOILS. 
W. A. Laudemann, Chemical Work. 
L. C. Wheeting, Army. 
C. A. Hoag, Chemical Work. 


POULTRY 


W. E. Newlon, Army. 
M. W. Dickson, Officers Training Camp. 


¥ ORESTRY. 


E. C. oe Y..M. C. A. War Work: 
P. M. Hodgkins, Army. 
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The division is now busily engaged considering changes in courses 
and the addition of new ones in order to meet the demands and the great 
social and economic changes resulting from the war. An endeavor has 
been made to meet the educational needs of those returning from military 
service with physical disabilities as well as those desiring further education 
along agricultural lines resulting from changed methods of living and 
environmental conditions. 

The members of the division are looking forward with expectancy and 
renewed ambitions toward the beginning of another college year when 
many of the disturbing factors of the horrible war shall have been left 
behind. 

Respectfully submitted, 
Rob. DELAW, 
Dean of Agriculture. 
East Lansing, June 30, 1919. 


REPORT -OF THE. DEPARTMENT OF HORTICULTURE. 


To the President: 
-Sir—I herewith submit the following report for the Department of 
Horticulture and Landscape Gardening for the year ending June 30, 1919. 

From August 26, 1917, until October 3, 1918, my services were con- 
tributed by the State Board of Agriculture to the Food Administration at 
Washington, D. C., upon the request of Mr. Herbert C. Hoover. It 
was Mr. Hoover’s policy of administration to ask colleges, universities, 
and business organizations to contribute the services of some of their 
-men during the war period. My duties were as Associate in Charge of 
the Perishable Food Division. 

A statement of each member of the department should be a matter of 
pride and record. 

Mr. H. C. Moore, Extension Specialist entered the service on August 
26, 1917, only a month after he entered upon his duties. He was commis- 
sioned 2nd Lieut. F. A., November 27, 1917. He was honorably discharged 
from the service on December 20, 1918 and at once took up his duties here. 

Mr. J.. H. Carmody, Extension Specialist, entered the service as a 
private, September 1917; was appointed Sergeant, Ist Class, June 11, 
1918, and commissioned as Lieutenant, November 14, 1918, but declined 
the honor. He served several months in France and was honorably dis- 
charged and began his duties soon afterward. 

Mr. R. W. Peterson, Assistant in the Experiment Station resigned to 
enter the service and has spent several months in France. At present he 

‘ is stationed at Cambridge, England. 

Mr. A. T. Hootman, Foreman, entered the service as a private in the 
Highty-Fifth Division and has been appointed Sergeant and is now in 
Archangel, Russia. 

It has not been the policy of the department to ask for a deferred 
classification for any members. 

So far as possible an accurate record has been kept of every student 
of the department who was in the military service. Their names and 
class have been placed on a service roll. It contains 141 names, the only 
gold star name being Lieutenant Herbert J. Sheldon, of the class of 1914, 
who was killed in action. 


42 STATE BOARD OF AGRICULTURE. 


Since this will be my last report, I desire to place upon record the 
number of students who have graduated from the Agricultural course 
after they have specialized in the technical work of this department 
during the junior and senior years. 


Class of 1909: 0. 32.22 S26 eee 6 graduates. 
Class of 1910>: 2 25.2..4 ee eee 5 graduates. 
Glass-of- 1911s 22 2 ee eee 14 graduates. 
Class of 1912..- . ce Mo eee 22 graduates. 
Class of 1913... .2.. + bi sete ee eee DO OTACHates: 
Class of 1914. ..).%< s *23 2a ene 42 graduates. 
Class of 1915... ¢ 2... is tee ee eee 32 graduates. 
Class -of 1916... .:ic oe oe eee 37 graduates. 
Class of 1917... .:2:.33 eee 36 graduates. 
Class of 1918.22 = 3. =e eee eee 20 graduates. 


Twenty-two members left the class of 1918 before gradu- 
ation to enter the military service. 


Several changes should be made in the Horticultural course. At present 
a student must elect for specialization during his senior year pomology 
or landscape gardening. New courses should be added that will give the 
opportunity to specialize during that year in vegetable growing and 
floriculture. Both of these industries are very large and important in 
the State and there is an increasing demand for opportunity to specialize. 
along these lines. 

The war conditions and small attendance of. junior and senior students 
required modification of some features of the department work. The 
students’ Speaking and Fruit Judging and Identification Contest was not 
held. For many years this contest has been fostered by the Michigan 
State Horticultural Society. The Annual Horticultural Fruit and Flower 
Show was not held nor have any of the weekly meetings of the ‘‘Hort. 
Club.” 

Upon the return to normal conditions these functions should again 
take their place in the horticultural instruction work. 


A brief statement of the instruction work is presented in the following 
tables: 


FALL TERM 1918. 


Number of 


Class. Subject. Instructor. Students. 


Horticulture 2 Fruit Growing......... : 


Required of Agr. Students. 
Pomology= shen se eee eee 


*(This subject was ommitted from 
the coursethisfall).......... 


Horticulture 4 Loree...... tae eee 4 


Horticulture 7 


Horticulture 10a. 


Horticulture lla 
Horticulture 12a 
Horticulture 14 


PlantiBreeding#1-- scene eee 


Elective for Women............- 


Not giventhisterm...... 
Notgiventhisterm............. 
Not giventhisterm............ 
Notgiventhisterm............ 
Gunson 


*This work was offeredin the Spring and Summer Terms following, to all students returning from government service. 
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WINTER TERM 1919. 


: Number of 
Class. Subject. Instructor. Students. 
——— — — — — —__— — —— = — — —d 
Horticulture 3... Plant Propagation........... WOree sy caneet eon oe 47 
_ Required by Agr. Students. | 
Horticulture5...... Greenhouse Industry. . . Halligan 16 
Horticulture 8 oo Plant Evolution | Eustace 5 
Horticulture 10b.... nt, Eustace 5 
Horticulture 11b.. | Eustaceand Loree 5 
Horticulture 12b. ne | Not given. . 
Short Courses Fruit Growing Pickford 9 
irst-vear. 2.26% Special Short Course | Halligan 15 
SACOMOMY CAR ie Sorc ain ciate scilerenieea.anere Special Short Course. . . | Halligan 
SPRING TERM 1919. 
wae Number of 
Class. Subject. Instructor. Students. 
| 
| 
Horticulture 6. See eee ene bandscape Gardening. (PHallipanie-ce ee eee ee 16 
HOm UCU Ute Oya csetors a\ctr ore cle sieiePene sreleiee | nle'ere vere «‘alsserelaieloic’eisy"Ietofec= Bustace). tte rec see | 7 
Horticulture 10c........... LOWE ONCE ee tatoe pace if 
Horticulture lle....... ..... OLS we aera ee 7 
Horticulture 12c... Notigiventestci.nee ccmet laos a 
Horticulture 13¢ Notigivent ae shee eee |= hereon 
for ticulture 2c c= chine smcirasteets rae Ballignn thee. ec eae ee= : 9 
SUMMER TERM 1918. 
‘ Number of 
Class. Subject. Instructor. Students. 
Horticulture cnessemen ae eaters cece | sein a bats bitte oec je sunibve tance sue Halligan...... 4 
Hvormel WOW CES. oo; .ici..ais ccvecrs oe ieeiees General Agricultural Horticulture..| Halligan.... 5 


A few years ago the State Board of Agriculture employed Messrs. 
Olmstead Brothers of Brookline, Massachusetts, Landscape Architects, 
to make a plan with recommendations for the future development of 
the campus, largely dealing with the location for future buildings. ‘The 
gymnasium is located where this plan called for. The recent destruction 
of College Hall and Williams Hall and the legislative appropriation for 
a new library and auditorium have made it seem desirable to ask Mr. Olm- 
stead to visit the campus and study the situation first hand and make 
suggestions and recommendations for the location of these new buildings. 
Mr. Olmstead visited here on June 3rd and will make a report in due 
time: It seems highly desirable to follow the suggestions of this firm as 
they have made a life-long study of college campuses and many city 
parks and by reason of this have very much more extensive information 
on the desirability of locating important buildings than local authorities. 
They have proven themselves to be farsighted and make plans for many 
years in advance. Then, too, the recommendations are not based upon 
any local opinions which must be tempered with personal preferences and 
opinions. 
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The Department staff has been as follows: 
Harry J. Eustace, Professor of Horticulture. 
Charles P. Halligan, Professor of Landscape Gardening. 
Thomas Gunson, Assistant Professor of Horticulture; Superintendent 
of Grounds. 
R. E. Loree, Assistant Professor of Horticulture. 
Respectively submitted, 
H..J. EUSTACE, 
East Lansing, June 30, 1919. Professor of Horticulture. 


REPORT OF THE DEPARTMENT OF DAIRY HUSBANDRY. 


To the President of the Michigan Agricultural College. ; 

Sir:—Any departmental report for the academic year, July 1, 1918 to June 
30, 1919, must of necessity take cognizance of the unusual conditions oc- 
casioned by the war. The story of the year’s activities, therefore, is 
the history of retrenchments and adaptions rather than the usual 
narrative of increased student registration and departmental expansion. 

From the beginning of the training of the Motor Transport Units to 
the end of the Students’ Army Training Corps the responsibility for pro- 
viding a suitable milk supply for the detachments was placed upon the 
Dairy Department. Inasmuch as the demands were rather erratic, 
it was necessary for the department to secure suitable milk supplies and 
see that these were properly clarified and pasteurized and delivered to 
the mess halls. kes 

With the opening of the fall term about 3,000 pounds of milk were 
supplied daily for the soldiers in training. This was the approximate 
equivalent of two quarts per day for each individual in training. By 
careful attention to the details surrounding the milk supply the training 
units were adequately protected from milk-born diseases. 


THE DEPARTMENTAL STAFF. 

The department numbered ten men on its teaching and investigational 
staff at the beginning of the war. This number was reduced to four dur- 
ing the fall of 1918 and some of these were prepared to leave for military 
service at any time. The securing of proper help to care for the dairy 
herd and to conduct the necessary operations in dairy manufacture and 
dairy distribution became a very serious problem and at times it was 
necessary for the instructors to lend a hand in order to make out. We 
are pleased to report, however, that the close of the fiscal year sees us 
with the following personnel in the department. 

A. C. Anderson, Professor of Dairy Husbandrv. 

H. W. Newhall, Associate Professor of Dairy Husbandry. 

J. E. Burnett, Assistant Professor of Dairy Husbandry. 

F. T. Riddell, Investigator in Dairy Production. 

Stanley J. Brownell, Investigator in Market Milk Distribution. 

R. W. Wyant, Instructor in Dairy Manufactures. 


INSTRUCTION. 
Beginning with the winter term the regular courses in dairy manu- 
facture and the short courses for dairy manufacture students were given 


on the regular schedule. The numbers taking these courses, however, 
were less than in former years. 
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Every opportunity has been given returning students throughout the 
year by repeating courses for the convenience of men who have found it 
necessary to take these required courses in order to complete their col- 
legiate work at the desired time. While these classes have been small, 
we must especially commend the excellent spirit which the students have 
shown and express our appreciation of the rather high degree of accom- 
plishment which they have attained under reconstruction conditions. 


INVESTIGATION. 


During the year further investigations of Mr. F. T. Riddell in the 
cost of market milk production have been completed in the Howell and 
Webberville districts and similar work has been taken up in Macomb, and 
Wayne and Monroe Counties. The cost work of Mr. Riddell has been 
of inestimable value in giving stability to milk prices and in creating a 
better economic atmosphere for the dairy farmer. 

In February, 1919, Mr. Stanley J. Brownell was released from military 
service and immediately resumed work with the department as Investi- 
gator in Market Milk Distribution. He has gotten well started on his 
project. 


DAIRY EXTENSION. 


Throughout the year Mr. J. A. Waldron has continued to serve as 
Extension Specialist in Dairy Products and Mr. O. T. Goodwin as Ex- 
tension Specialist in Dairy Manufactures. Both have rendered very valu- 
able service. A detailed statement of their activities will, of necessity, 
appear in the report of the Director of Extension. 


ADVANCED REGISTRY TESTING. 


The work of Advanced Registry testing continued throughout the war 
with only a shght decrease. The work of Prof. Burnett in securing suit- 
able help in caring for these tests was rendered doubly hard on account of 
the labor shortage, but by dint of extraordinary effort all the requests for 
supervisors were taken care of. MDE 

Requests for the more unusual class of extension service for the dairy 
industry have been frequent during the year. Scarcely a week has passed 
in which the services of the writer have not been requisitioned to take 
care of these less routine conditions. Among these have been a number of 
conferences in different cities at which information-has been given to 
city commissioners, boards of commerce, citizens’ committees, milk pro- 
ducers and distributors, and others relative to the problems of market 
milk production and distribution. 

During the year the writer has continued to serve as a member of the 
Detroit Milk Commission. 

In closing this report we must express our most sincere appreciation 
for the degree of cooperation from the members of the department and 
all others with whom we are associated in collegiate work. 

Respectfully submitted, 
A. C. ANDERSON, 


Professor of Dairy Husbandry. 
East Lansing, Mich., June 30, 1919. 
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REPORT OF THE DEPARTMENT OF FARM CROPS. 


President F. S. Kedzie, East Lansing, Mich. 

Dear Sir—I herewith present a brief report of the work of the Farm 
Crops Department during the period beginning July 1, 1918, and ending 
June 30, 1919. 

The unusual conditions prevailing during the past year influenced 
the instructional work of the Farm Crops Department to a marked ex- 
tent. The opening of the fall term ¢ame at a time when the war was at 
its heighth. Our fall classes were greatly reduced in numbers, but the 
signing of the armistice and the early release of men changed the situation 
rapidly. 

In order to provide sleeping quarters for the 8. A. T. C. men quartered 
at the College during the fall term, the instructional equipment was re- 
moved from our large laboratories, numbers 310 and 311, and these rooms 
were turned over to the Military Department. 

Farm Crops II was not given in the spring but was given during the 
first term of summer in order to arrange a satisfactory schedule for re- 
turning soldiers. The appearance of several special students who had 
received wounds while in service, and were being educated at government 
expense, necessitated a slight modification to accomodate them in our 
spring courses. 

‘The attendance during the summer school of 1919 was much larger 
than ever before, the majority of the students being returned soldiers 
who desire to accomplish their graduation requirements at the earliest 
opportunity. 

Under the direction of Mr. J. R. Duncan the crops materials for exhibit 
and classroom purposes was greatly increased in quantity and improved 
in quality. 

The following members of the department of the instructional staff 
were absent on leave for army service: 

A. L. Bibbins, Corporal, M. 8. T. 409, M. T. C. 875, overseas service 
June 30, 1918 to June 30, 1919; Instructor in Farm Crops. 

KE. E. Down, Corporal (Co. H.) 58th Inf., overseas service, June 30, 1918 
to June 30, 1919; Instructor in Farm Crops. 

J. F. Cox, 1st Lieutenant, Air Service, A. P. August 25, 1918 to January 
1, 1919; Professor of Farm Crops. 

On the return of Mr. Bibbins and Mr. Down, the department will be 
better able to meet the increasing duties accompanying the rapid return 
of students. 

A brief summary of courses, number of students enrolled, and instructors 
in charge is herewith given. 


Farm Crops I, Cereal Crops, Freshman Course, Winter Term, 93 students. 
J. F. Cox, Professor of Farm Crops. 
Farm Crops II, Forage Crops, Sophomore Course, Spring Term, not offered until 
summer, 
C. R. Megee, Assistant Professor of Farm Crops. 
Farm Crops III, Grain Judging, Senior Course, Fall Term, 7 students. 
C. R. Megee, Assistant Professor of Farm Crops, 
Mr. J. R. Dunean. 
Farm Crops IV, Special Michigan Crops, Senior Course, Spring Term, 38 students, 
J. F. Cox, Professor of Farm Crops, 
C. R. Megee, Assistant Professor of Farm Crops, 
Mr. J. R. Dunean. 
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Farm Crops V, Crop Improvement, Senior Course, Winter Term, 22 students, 
F. A. Sprageg, 
Graduate Assistant Foster Rudolph. 

Graduate Assistants 

Eight and sixteen weeks Short Course (combined) 81 students, 
C. R. Megee, Assistant Professor of Farm Crops. 

Summer Session, 1919. 


Farm Crops II, Forage Crops 8 students, 
C. R. Megee, Assistant Professor of Farm Crops. 
Farm Crops ITI, Grain Judging, 10 students, 


J. F. Cox, Professor of Farm Crops, 
Mr. J. R. Dunean. 


Crops and Soils, first half 5 students 
C. R. Megee, Assistant Professor of Farm Crops. 
Short Course for Ministers, 9 students 


J. F. Cox, Professor of Farm Crops. 


I take pleasure in reporting the hearty cooperation on the part of. all 
members of the department. 
Yours, truly, 
Jinnah COX 
Professor of Farm Crops. 
East Lansing, June 30, 1919. 


REPORT OF THE DEPARTMENT OF SOILS. 


President F. 8. Kedzie: 

Again I am able to report progress in all lines we have under way. 
Although the demands have been unusual and great and the duties 
arduous, we consider the ensuing year to have been the most successful we 
have experienced. It is doubtless true that there never has been greater in- 
terest manifested in better soil management by the people as a whole than 
in the recent past and at present. As a result of observations, cor- 
respondence and interviews with farmers I am forced to conclude that 
there is less known concerning the properties of and the fundamental 
principles underlying good soil management than any other phase of 
agriculture. Many agricultural workers in addition to the farmers as a 
whole, have taken it for granted that this is a relatively simple matter and 
gone on the assumption that we are dealing with an inert material or 
simply ‘‘dirt’’, if you please. Now as a matter of fact this is far from the 
truth and we have to deal with substances that are most complex and the 
sooner we come to look upon the soil as a whole, as being made up of 
many individuals each having to a greater or less extent an individuality 
of its own, and recognize the tremendous importance of permanent sys- 
tems of soil fertility to this commonwealth and the nation, the less short 
sighted we shall be. 

I look upon the state as a huge school. There are many who could well 
be considered, so far as their knowledge of the subject is concerned, to be 
in the lower grades, while others are more advanced. It will always 
be thus. This means that the work will never be completed and thr 
possibilities for constructive work unlimited, The university professor o 
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others who minimize agricultural education by writing and speaking to 
the effect that we know how to farm is ignorant of the broad relation- 
ships that exist. In view of these conditions it is doubtless true that 
the extension activities along soils lines should be carefully, but greatly 
increased. 

In order to provide constantly information to be extended it is essential 
that the experimental and research work be supported both morally and 
financially. In this connection I desire to call your attention to that which 
has been accomplished by the staff with a relatively small amount of funds 
at its disposal. | ffop 

TheSeducational phases at_the College have been improved. Much re- 
mains to be accomplished and it is proposed to revamp certain of the 
courses that are offered. 

We, as members of the Soils Section, express our gratitude to you for 
the interest taken in our work. 

Respectfully submitted, 
M. M. McCOOL. 
Professor of Soils. 


East Lansing, June 30, 1919. 


Lawrence Clifford Wheeting. 


Drafted at Mason, Mich., Nov. 21, 1917 and assigned to Co. C, 338th 
Inf., 85th Div., Camp Custer, Michigan. Entered 3rd O. T. 8. January 5, 
1918; completed April 19, 1918 and returned to Co. C, 338th Inf. as Ser- 
geant. Transferred to Inf. Repl. Camp, Camp Lee, Va., May 27, 1919. 
Commissioned 2nd Lieut. of Inf. June 1, 1918. Transferred to 160 Depot 
Brigade, Camp Custer, July 16, 1918 and attached to Co. C, 1st Dev. Bn. 
Transferred to 32nd Co. 8th Bn. August 6, 1918. Transferred to 10th Inf. 
14th Div., August 22, 1918 and assigned to Co. H, 2nd Bn. Discharged 
January 29, 1919, as Second Lieutenant, 10th Inf. 


George John Bouyoucos. 


Red Cross Agricultural Commission—Balkan States—October 1918, 
October 1919. 


REPORT OF THE DEPARTMENT OF ANIMAL HUSBANDRY. 


President F. 8. Kedzie, East Lansing, Mich. 

Dear Sir—I have the honor to submit the following report of the 
Department of Animal Husbandry for the year ending June 30, 1919. 

The instruction work during the past year has been conducted as out- 
lined in the College catalog. The work of the staff and the enrollment 
in varloys courses is summarized in the accompanying table. 

It is q pleasure to report continued progress in the improvement of the 
herds and flocks. The Hereford herd of fourteen females are all de- 
scendants of one cow purchased in 1910 at a cost of $150. There are, at 
the present time, eight daughters and six grand-daughters of this cow 
in the,herd, all of them showing a remarkable uniformity of type. The 
Aberdeen Angus herd consists of “eight females, most of them descend- 
ants of one cow purchased in,1910 at a cost of $150. During the past 
year a Hereford sire was purchased from J. E. Thompson of Martins- 
Ville, Il]., and a Shorthorn sire from J. F. Prather of Williamsville, Ill. 
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While we have excellent foundation herd of Shorthorns, Herefords and 
Aberdeen Angus, the limited area of land available for the livestock 
equipment renders it difficult to retain many of the younger animals and 
increase the herds as much as would seem desirable. The scarcity of 
pasture the last two years has made the maintainance of the herds and 
flocks a difficult problem and I would earnestly recommend that the 
College obtain more land as soon as conditions will permit. 


Term. Subject. Teacher. Hours per| Students. 

week. enrolled. 
StEMMeH SCHOOL smc oe oc cose oa hasan elec Animal Husbandry 1........... W. E. J.Edwards..... 10 7 
SUMIMEP SCHOO Ses see sacse eisonaeieee aes Animal Husbandry 2........... W.E.J. Edwards... . 10 5 
Hummer schoolescpejorcccec ese eetee cee Animal Husbandry 4........... GeASBrowne none: 10 6 
Rall ermecve saceiotcsece nie creme Bes Animal Husbandry 1........... W. .EJ. Edwards... . 6 33 
Hall Dermnt ans sae Ne ctnee teat cinco delat Animal Husbandry 2........... W. E.J. Edwards... . 6 29 
Maller tea seeec sect oe eaaarat Animal Husbandry 5........... GsASBrowl=2:.- cc 8 7 
WinkenMermn2 * $005.26 059.52: sec Animal Husbandry 4............ G.A.Brown........ 5 42 
Winter Termys4s SSeeeciceuis. < ce eee ep Animal Husbandry G4. os access GrASBrowhis on. aene 8 35 
SHOFECOUTRES sas). Sots esissn Socieee ete cice Animal Feeding............... W.E. J. Edwards.... 5 70 
ShoriiCoursess oe octet on aee ed bene nae Types of Livestock............. W.E.J.Edwards.... 10 68 
SHORE COULBES tac wnctiomeae ee cote toe se ae Breeds of Livestock............ W.E. J. Edwards.... 8 23 
SHORE OOULBES emer et ane ocieitiotk nree Judging Livestock............. R.L. Mackie....... 6 9 
Springer Perm tate: /.ctsee Sain oe einai sete Animal Husbandry7....... ie CUAe Brownies os 8 29 


Both Mr. Edwards as instructor and Mr. Mackie in charge of livestock 
have rendered loyal and efficient service. The teaching work for the 
past year has been more than three men should be required to handle 
and. with a return to a normal enrollment next year more help will be 
needed. 

Respectfully yours,. 
GEORGE A. BROWN, 
Professor of Animal “Husbandry. 


East Lansing, June 30, 1919. 


REPORT OF THE DEPARTMENT OF POULTRY HUSBANDRY. 


President F. 8. Kedzie, College. 
Dear President Kedzie—I have the honor to submit the following report 
of the Department of Poultry Husbandry for the year ending June 30, 


1919. 
BUILDINGS. 


We are occupying eighteen buildings, one house 18 feet by 184 feet, 
one house 16 feet by 84 feet. Three houses each 16 feet by 24 feet, three 
colony houses 6 feet by 8 feet, seven portable colony houses 10 feet by 12 
feet, one open front house 20 feet by 20 feet, 1 open front house 14 feet by 

28 feet and one house 10 feet by 14 feet. 
No construction work has been done upon the poultry plant during the 
year, owing to war conditions. 


50 STATE BOARD OF AGRICULTURE. 


KHQUIPMENT. 


The department has operated seventeen incubators. One 2400 egg 
size, hot water heat. Two 200 egg size, three 150 egg size and eleven 70 
egg size. Total incubator capacity 3, 020 eggs. Students have received in- 
struction in handling both methods of heating incubators—hot air and 
water. 

Brooding capacity has been enlarged to 6,000 chicks. The colony 
stove plan of brooding has been employed and instructions in handling 
same have been given. 

Breeds of fowls for demontsration purposes are kept as follows: Plymouth 
Rocks, all varieties, viz., Barred, White, Buff, Silver, Penciled, Partridge, 
and Columbian. 

Wyandottes—Four varieties, viz., White, Buff, Columbian, and Silver. 
Domniques, Langshans, Single Comb Black Minorcas, Buff Orpingtons, 
Dark Cornish, Speckled Sussex, W. C. Black Polish, 8. S. Hamburgs, 
Houdans, Silver C ampines, Sultans, Black Cochins and ‘Partridge Cochins, 
Rhode Island Reds, both varieties, viz., Single Comb and Rose Comb. 
Leghorns, five varieties, 8. C. Brown, Rose Comb Brown, 8. C. White, 
S. C. Buff and Silver. 

Ducks, four varieties, viz., Pekin, Muscovy, Rouen and Call. 

Geese, five varieties, viz., Toulose, Emden, White Chinese and Brown 
Chinese. 

About 1,100 head of stock were wintered on the plant. Nearly 2,400 
head of young stock are being reared this summer. 

Owing to war conditions no classes were formed in poultry last fall. 
A summer term with an enrollment of 12 was taught. A short course 
with an enrollment of 15 was given during the winter. 

Investigational and experimental work is being carried forward and 
standardizing of poultry pedigreeing has been begun. 

As suggested by a letter from you on June 17th, I am submitting the 
military record of Mr. Dickson from our department. 

Matthew Ellis Dickson entered the service on July 27, 1918 at Camp 
Custer. On September 1, 1918 he was transferred to Camp Zachary Taylor 
Louisville, Ky., to the Field Artillery Officers Training School, from which 
he received his commission as Second Lieutenant in the Field Artillery 
U.S. A. on December 18, 1918. He was discharged on the same day 
but remains in the Reserves until December 18, 1923. 

The Poultry Department carried forward a series of poultry schools 
each covering a period of from three to six days. Work was done in con- 
junction with the Farm Bureau and poultry organizations in a number of 
counties. The work had in mind three things. First, to widen the scope 
of poultry work. Second, to demonstrate the power to so cull the flock 
that it can be made to pay a profit pon the average farm. Third, to 
demonstrate that the fowls of the future will be more uniform in shape 
and color and possess a larger egg record and a better quality of meat 
producing power than in the past. 

Free admission to these schools was given in all cases except in three 
of the larger cities, namely: Detroit, Battle Creek and Grand Rapids. 
These schools were met with marked interest. Three sessions were held 
each day from 10 to 12, from 3 to 5 and 8 to 10:30 p. m. 
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The Federal government cooperated with the department in furnishing 
moving picturesiwhich were shown every night during the school. School 
children were admitted on special nights. 

Schools were held in Marlette, Holland, Flint, Battle Creek, Chicago, 
Grand Rapids, Muskegon, Detroit, East Lansing, Chelsea, Dublin and 
Hartford with an enrollment of 10,200 based directly upon an aggregate 
attendance and included in the majority of cases students that attended 
every session. People who attended the sessions and who did not enroll 
as students the numbers of which were conservative estimates taken 
from reception committees reports showed an attendance of 36,300. 

The above work was considered by the Department of Poultry Hus- 
bandry as a part of the war work of activities of the department. 

Respectfully submitted, 
C. H. BURGESS, 
Professor of Poultry Husbandry. 
Kast Lansing, Mich., June 30, 1919. 


REPORT OF THE DEPARTMENT OF FARM MECHANICS. 


President F. 8. Kedzie, College. 
Dear Sir—lI have the honor to submit the report of the Department of 
Farm Mechanics for the year 1918-1919. 


WAR WORK. 


Attention for the greater part of the year 1918 was focused on the prep- 
aration of soldiers in the United States Army Truck and Tractor School 
for a part in the conflict. The tractor and gas engine work, for which 
this department assumed responsibility, was carried on in addition to 
the regular correspondence and assistance which was given directly to the 
farmer. 

In the matter of the loan of equipment for carrying on this work, we 
are indebted to the generous cooperation of the manufacturers of gas 
engines and tractors whose assistance enabled us to present this work in 
a credible way. The eagerness of the soldiers to learn and the willingness of 
the instructors to give made this work a real satisfaction. 

Through this school, the department has left for use three farm tractors, 
one of which was given for this purpose. 

I wish to express appreciation of the cooperation which I have had from 
those associated in this work, both in the Army School and in the regular 
work. 

As a part of the Army School work, I gave the lectures on tractors and 
gas engines. Mr. O. E. Robey dropped the Extension work in Household 
Engineering at the beginning of the war and took up Drainage Extension 
work in its place. It was felt that Drainage would be of more immediate 
importance in producing food than the work in buildings, conveniences, 
and sewage disposal. 

Wilson Duncon, Instructor in Blacksmithing, had charge of the shop 
work in the Army Horseshoeing School. 

Samuel Toms, whose resignation was accepted for May 1, 1919, assisted 
in the Army School work as tool-keeper and caretaker of the laboratory. 

The School of Horseshoeing, which was given in cooperation with the 
Veterinary Division and through the cooperation of the State Constabulary 
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in furnishing horses, was also an important part of. our instructional war 
work, though but one term of eight weeks work was presented to twenty- 
five men. Some interesting facts were brought out in this course, showing 
the value of intense application to one line of work. While it could not be 
claimed that expert shoers were developed, it was proven that a 
ood working knowledge and some skill in this work could be acquired in 
this time. 

The necessity for increased use of machinery from lack of labor during 
the war, and the interest in developments and construction since its 
close has had a marked effect upon correspondence and in requests for 
advice along farm mechanics lines. It is my hope that this work can be 
amplified, especially on the side of preparation and investigation to meet 
the growth of interest manifested in the State. 


INSTRUCTION. 


Beginning in January 1919, instruction was given in Power Machinery 
to twenty-eight regular students and to thirty-nine Short Course men. 

Wood and Forge work were each given to about seventy-five Short 
Course men. 

In addition, two one months courses in Trucks and Tractors were 
given to a total of one hundred and seventy-five men. For the work in 
trucks, shop work, ignition and truck engines, we are indebted to the 
Engineering Division for their cooperation. The cooperation of manu- 
facturers and distributors gave us the use of a dozen different tractors 
for study and practice. 

In the spring term, the course in Farm Machinery was presented to 
eighteen men and the course in Farm Drainage to nine. } 


INVESTIGATION. 


Little opportunity has been afforded either in time or funds, for in- 
vestigational work for the past year. A brief inspection of twenty-five. 
septic tanks was made in January and February to determine their con- 
dition in mid-winter. This summer, records are being kept of tractors 
on the College farm. 

Drainage, which is being done under the extension specialist affords, 
an excellent opportunity for further study. 


EXTENSION. 


The work of the past year of Mr. O. E. Robey, who has devoted his 
time largely to Drainage, is commendable. This work taken up as a war 
measure has opened up a field for which a real and pressing need is felt. A 
large number of farms have been inspected and advice and cooperation 
given. 

Under the plan being tried this season, a traction ditcher has been 
engaged to drain demonstration plots in St. Clair county. A successful 
completion of the work planned for the season will place a twenty acre 
field or larger under the observation of nearly every farmer in the county. 
Great interest is exhibited and groups have been organized to buy ditchers 
and tile. Several hundreds of dollars have been saved the farmer in the 
purchase of tile at dealers prices, which plan has been in operation but 
a short time. 

Respectfully submitted, 
H..H. MUSSELMAN, 
East Lansing, June 30, 1919. Professor of Farm Mechanic |. 
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REPORT OF THE DEPARTMENT OF FORESTRY. 


The President, Michigan Agricultural College. 

Sir—I have the honor to submit the following report forthe Depart- 
ment of Forestry for the year ending June 30, 1919. 

The work of instruction, while following the sources described in the 
catalog as closely as possible, was light in the fall term owing to the fact 
that there were few regular students. Conditions being more normal in the 
winter term it became necessary to give certain fall term courses which 
were pre-requisite to the winter term work and for this reason some 
courses were giventwice duringthe year. The teaching work for the year 
was as follows: 


Number of Number of 


Classes Students 
eect bit tendenr.yac. 2 se ee 9 128 
HEBER SANTO sons 0 eer oes eat oe 8 36 


During the fall term Professor Sanford assisted in gymnasium work. 
The courses in Forest Policy and Forest Products have been changed so 
as to have as great a bearing on reconstruction problems as possible and 
certain other courses were slightly modified during the year for the same 
reason. 

The war apparently stimulated interest in forest planting, the demand 
for small trees this spring being unusually large. The department has 
endeavored to secure the reforestation of areas of valuable timber that 
were cut for war-time purposes and has particularly urged the planting of 
black walnut in the southern part of the state as this timber was heavily 
drawn on for gunstocks and airplane construction. Planting stock 
amounting to 178,000 trees was shipped from the forest nursery during 
the year. The nursery is in excellent condition, last year’s seed beds 
being particularly good. The Christmas tree plantation which was es- 
tablished several years ago was completely cut over this year. Thin- 
nings had been made in it for the last three years and it proved remark- 
ably successful. A new plantation was set out this spring. Some under- 
planting was also done in the older plantations in the nursery. These 
plantations are becoming very valuable for instructional as well as ex- 
perimental work. 

The sugar bush in the river woodlot was operated as usual, the demand 
for syrup being again heavy. A gasoline drag saw was obtained for 
use in cutting cordwood and has resulted in a saving of labor. 

The experimental work in the sugar bush was continued. This work 
involves a study of sap flow and will of necessity cover several years, but 
data so far collected shows more uniformity than had been expected. It 
_ is the intention to publish the results from year to year as they become 

available. 

The sand dune fixation work was also continued. A large number of 
trees were planted on demonstration areas near Muskegon and Holland. 
The interest taken in this work by the community was shown by the num- 
ber of farmers who came out to assist in the planting. The department is 
keeping in close touch with demonstration areas already established and 
is srudyine the growth and behavior of the trees under these trying con- 

itions. 


Experimental work was also done on{thezrooting ofZcedar cuttings. 
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The Department of Horticulture loaned us the use of one of their green- 
houses for the purpose and the cuttings were furnished by a nursery 
company. 

A growth study of forest plantations was begun, including costs and 
returns. It is contemplated to extend this work to nut tree plantations. 

During the fall term the extension work was carried on by the depart- 
ment staff. Mr. E. C. Mandenberg, Extension Specialist in Forestry, re- 
turned to the College on January 1. The second annual meeting of the 
Michigan Maple Syrup Makers’ Association was held at the College dur- 
ing Farmers’ Week and was well attended. The department has through 
the courtesy of the Barrett Company, obtained the use of a portable 
plant for the preservative treatment of fence posts which will be loaned 
to farmers without charge other than transportation. 

With regard to work contributory to the war activities program I 
would say that I served as a.member of the War Committee of the Society 
of American Foresters, as Listing Officer for the 20th Engineers (Forest), 
and as Chairman of the Wood Fuel Committee under the State Fuel 
Administration. Professor Sanford also served as a member of the latter 
committee. The department collected a large amount of data on the 
forest resources of the State, which data was made available for the War 
Department. Many of the graduates of the department who were un- 
qualified for active military service were appointed timber or dry kiln 
inspectors in the Aircraft Production Division of the War Department 
and rendered efficient service. 

The chief needs of the department are an experimental dry kiln for in- 
structional work and more space for the wood technology laboratory. At 
the present time some of our equipment has to be stored in the attic for 
lack of space in the laboratory. 

Respectfully submitted, 
A. K. CHITTENDEN, 
Professor of Forestry. 
Kast Lansing, Mich., June 30, 1919. 


REPORT OF THE DEPARTMENT OF AGRICULTURAL 
EDUCATION. 


To the President and Members of the State Board of Agriculture: 

[ have the honor to submit the following as an annual report of my 
department for the current year. 

(a) Courses in Education for women. During the fall term we enrolled 
seventy women in Education. During the winter seventy-seven and dur- 
ing the spring term sixty-three. These classes were made up of juniors 
and seniors. The work was arranged in two sections. At the close of the 
college year fifty-eight seniors had completed the work in Education and 
were recommended by the faculty to the State Board of Education for 
teachers’ licenses, granted under the general law. Of this number fifty- 
one had taken the special work in Education in the {home economics de- 
partment, together with practice teaching, and were entitled to a special 
home economies certificate, which would authorize them to teach the sub- 
ject in Smith-Hughes schools. These certificates have been granted by the 
Superintendent of Public Instruction. 

_ (b) Edueation for men. During the fall term on account of war con- 
ditions, there were no senior students in the subject of Education, Dur- 
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ing the winter term we enrolled forty-two and during the spring term, by 
permission of the faculty, we gave two courses in education for men. 
Education 4 to twenty-six seniors and Education 6 to thirty-eight Juniors 
and seniors. This was a special arrangement in order to enable men 
who had been in military service to complete their courses and be 
eraduated. Of the seniors, twenty completed the work in Education, 
together with the four year college course and were entitled to a state 
teachers license and on ‘recommendation of the faculty these certificates 
had been granted by the State Board of Education. 

(c) The Practice School. Last year arrangement was made between 
the State Board of Agriculture and the Board of Education of East Lan- 
sing for the establishment of teacher training courses in agriculture and 
in home economics in the East Lansing High School. The subjects 
offered were elective to high school students and for the agriculture 
about thirty students selected the work, thus affording four good classes 
for practice teaching. About forty-five young women elected the course 
in home economics, giving good strong classes for the practice teach- 
ing in that subject. 

On account of war conditions we had no men for practice teaching 
during the fall term and the early part of the winter term. By that time, 
however, we had enough returned soldiers to organize the class in practice 
teaching. 

In the matter of critic teacher, Mr. Grover had conducted the regular 
courses for the high school students. Miss Frazer organized the practice 
teaching immediately upon the opening of the school year and during the 
year has given special training to fifty-one young women of our senior 
class. All of this work was conducted under the general supervision of 
the State Board of Control for Vocational Education in accordance with 
Federal and State laws, for the purpose of training young men and women 
for vocational teaching. We have pr epared many more in both agriculture 
and home economics than will be needed at present but many of these 
will be utilized in other states. 

(d) During the year courses 1n agriculture have been taught under the 
provision of the Smith-Hughes Law in forty-six high schools of the State. 
In all but three the graduates of this collage are in charge of the work. 
Ten new schools have already made application to the State Board of 
Control for the establishment of the agricultural course, beginning in 
September. 

There are ten schools in the State where home economies is taught 
under the provision of the Smith-Hughes Law. In five of these the in- 
structors are graduates of this institution. 

(e) The Critic Teacher. The direction of practice teaching in agricul- 
ture is in charge of Mr. E. Lynn Grover and his work has been entirely 
satisfactory to the public school officials so far as the managemeut of the 
children is concerne? and entirely satisfactory to the college authorities. 
I consider him one sf the most proficient directors of agricultural educa- 
tion in the middle west; in fact, I question whether he has a superior in 
any of the states. 

Miss Elizabeth Frazer, the critic teacher in home economics, has made 
an enviable reputation for herself through her proficient work in direct- 
ing the practice teaching of the young women. Our senior students with- 
out exception, were pleased and satisfied with their training under her 
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direction. The College istto be congratulated”on" having been able to 
secure from its own graduates two such eminently well prepared people 
for this new but important field of college service. 
m (f) Teacher Training. By action of your honorable body I: was made 
Sines of teacher training for both men and women after the passage 
of the Federal law, providing grants of money to educational institutions 
in which vocational teacher training was given. As director of teacher 
training it has been my duty to supervise the work of teacher training in 
agriculture and home economics in order that I might wisely guide young 
men and women students who were prepared to teach: It has also been 
my duty to give to them technical courses in education which I have done 
to the best of my ability. By request of the State Board for Vocational 
Education I was permitted to give a portion of my time for the benefit 
of that Board in directing and developing vocational education in the 
State. During the past year I have given approximately one-fourth of 
my time to this work. In that capacity it has been my duty to organize 
the vocational courses to be given in the public schools and for this I 
prepared a plan for vocational education in Michigan, which was approved 
by the State Board of Control and by the Federal Board. 

I have also prepared a number of bulletins, giving explicit instruction 
concerning the development of the different types of vocational education. 

I have also acted as advisor to the state supervisors of the several 
types of vocational education. While serving in this dual capacity of 
acting director of vocational education for the State and: as director of 
teacher training for the College, I have endeavored to promote the best 
types of education in both lines. 

Respectfully submitted, 
WALTER H. FRENCH, 
Professor of Agricultural Education. 

East Lansing, June 30, 1919. 


REPORT OF THE DEAN OF ENGINEERING. 


Dr. F. 8. Kedzie, President, Michigan Agricultural College. 
My dear Mr. President—I have the honor to present my twelfth annual 
report as Dean of Engineering for the fiscal year ending June 30, 1919. 


A. Personnel of the Division of Engineering. 


1. G. W. Bissell, M. E. Dean of Engineering. 
Miss McCann, Clerk. 


2. Civil Engineering. 


H. K. Vedder, C. E.. Professor. 

C..A. Melick, D. C. E. Associate Professor. 
R. G. Saxton, C. E. Assistant Professor. 

C. M. Cade, B. 8., C. E. Assistant Professor. 
W. W. Hitchcock, B.8., C. E. Instructor. 

B. K. Philp, C. E. Instructor. 

Miss Colvin, Clerk. | 
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3. Drawing and Design. 


R. K. Steward, B. 8., C. E. Professor. 

C. Newman, Associate Professor. 

L. N. Field, B. M. E. Associate Professor. 

J. W. Steward, B. M. E. Assistant Professor. 
A.G. Scheele, A. M. Assistant Professor. 
Miss C. L. Holt, Instructor. 

K. H. Stewart, B. S. in M. E. Instructor. 
Miss E. Butler, Instructor. 

J. Rising, M. E. Instructor. 

Miss Matthews, Clerk. 


4. Electrical Engineering. 


A. R. Sawyer, B. 8., E. E. Professor. 

M. M. Cory, E. E. Associate Professor. 
P. G. Andres, B. S. Assistant Professor. 
Miss Colvin, Clerk. 


5. Mechanical Engineering. 


(a) J. A. Polson, M. E. Professor. . 
(b) H. B. Dirks, B.S., M. E.- Professor. 
W. E. Reuling, B. S.in M. E. Assistant Professor. 
A. P. Krentel, Instructor. 
J. A. Eicher, Instructor. 
G.C. Wright, B. S.,in M. E. Instructor. 
W. G. Hildorf, B. 8. Instructor. 
G. J. Posthumus, Instructor. 
R. G. Bigelow, B.S. Instructor. 
A. Watt, Instructor. 
E. C. Crawford, Assistant. 
@. N: Rix; Assistant. 
Miss Houston, Clerk. 

The above named, 35 persons, were in active service during the entire 
year with the following exceptions: 

J. A. Polson, resigned, effective April 1. 
H..B. Dirks, appointed, effective May 1. 
J. Rising, appointed, effective Jan. 1. 

Of the entire staff, 26 persons had offices in the R. E. Olds Hall, which 
furnished office space also for the Department of Mathematics, 7 persons, 
making a total number of 33 persons stationed in this building. 

During the year, Messrs. Iddles and Messenger, absent on leave in 
army service, have resigned their positions with the College. Mr. Chapin, 
absent on leave and recently discharged from army service, has expressed 
a wish to return and will do so. Mr. Ward, absent on leave in army service 
has not yet been discharged. 

Mr. Bigelow has decided not to continue his connection with the 
College. 

In the resignation of Mr. Polson, the College has lost a very valuable 
and estimable man. Appointed as instructor in 1906,{he won his way 
to the headship of his department in 1917. As administrator, teacher and 
engineer he was a credit to himself and to the Division. 


o 
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Mr. Polson is now mechanical engineer for the Milwaukee Stamping 
Company, at a salary and with prospects beyond those which existed for 
him here or anywhere else in teaching work. 

Several candidates for his position were considered, éorresponded with 
and interviewed and from them Mr. H. B. Dirks of Princeton University 
was appointed. Mr. Dirks is a graduate of the University of Illinois, in 
which institution and at Princeton he acquired several years of teaching 
and investigational experience. In addition to his work as a teacher, Mr. 
Dirks has had five years experience in practical manufacturing work. I 
believe him to be very well qualified for his position here. 

B. Salaries. 

Departmental reports submitted to you have recommended much needed 
increases in salaries, and I am pleased to feel that it is the intention of 
yourself and the Board to grant the advances asked so far as the resources 
of the College will permit. 

Otherwise, high living costs, the demands of the industries and competi- 
tion of other schools will cause vacancies which will be difficult to fill. 


C. Student Enrollment. 
Fresh. Soph. Jun. Sen. Total Graduates 


1915-16. 2 13k > 288 83 Cle 373 66 
1916S ieee 127 88 64 68 347 65 
1917-18... =, 423 78 40 of 218 29 
1QIS—1 9S elas 57 32 23 244 23 


The above figures give the enrollment in engineering from the year of 
the fire to the present and show the effect of the war. 
* T have made the following estimate of the enrollment for 1919-20: 


Chem. Civil Elee. Mechan. 


Freshmen.... 150 
Sophomores. . 14 40 22 32 108 
JUNIOTS 2 oes 6 14 1p 1G7/ 49 
Seniors. oe: 7 6 6 8 PALL 
Returned from war service..... 50 
Total. ne Fat a ee ee ee 384 


D. Course of Study. 


A revision of the course of study is in progiess. The changes proposed 
contemplate: 
1. Four (4) credits per term of specialization in the sophomore year. 
Hitherto the course has been uniform from the first two years. 
2. Deferment of the economics courses to the last two years. 
3. Conversion of shop course from the purely manual to the labora- 
tory type. 
4. Additional group options in the Senior year. 
The freshman year of the new course will be effective in 1919-20, and has 
been duly announced in the catalog. 


K. Buildings. 


The new buildings are very satisfactory as to space and appointments: 
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F. Equipment. 


The several departments have made considerable progress towards 
replacement of equipment destroyed by fire in 1916, but much remains 
to be done as rapidly as funds and prices will justify. 


G. War Service. 


M. A. C. co-operated with the government of the United States in its 
work of prosecuting the Great War by: 

(a) Releasing members of the College staff for war service with various 
branches of the Federal government. 

(b) By its hundreds of students and former students who served in 

militant and civilian capacities. 

(c) By its part in the Students’ Army Training Corps (S. A. T. C) 
Sections A and B. 

(d) By radio code courses to our students awaiting call to service. 

(e) By extension work in food production and conservation, and in 
fuel conservation. 

1. S.'A. T. C. Section A. This work was planned for men of 
college caliber, the intention being to utilize the colleges as preliminary 
training or selective camps for officers training camps and schools for 
non-commissioned officers. 

Hight hundred and sixty students were duly enlisted in Section A 
of the S. A. T. C., fifty of these being a naval unit. 

Inherent difficulties in the system, influenza and the armistice combined 
to terminate this work by the end of the fall term, 1918. 

2. S. A. T. C. Section B. This work contemplated vocational 
training for soldiers selected for their probable aptitude for the respective 
vocations. 

On April 22, 1918, acting on a preliminary understanding with the Com- 
mittee on Education and Special Training of the War Department, verified 
by formal contract on May 3, active preparations were begun for re- 
celving and training as auto-mechanics a detachment of 500 drafted men 
for a period of two months beginning May 15th. The men came from 
Wisconsin on the 16th and numbered 520. Instruction began on the 20th 
with a complete equipment including 10 Class B army trucks and a 
teaching and administrative personnel of about 60 persons. It is a mat- 
ter of pride that the organization worked smoothly and efficiently from 
the start, both within its own interests and in those matters requiring ¢co- 
operation with the military authorities. 

The teaching and administrative staff was recruited from the regular 
force of the engineering and farm mechanics departments, from our own 
engineering students under draft age, from auto-scbools, from garages and 
shops, and after starting, from tbe ranks of the soldiers themselves. 

Illustrative, demonstrative and working equipment was loaned by the 
government, purchased, loaned by auto and accessory companies or con- 
structed as could be done the quickest and the best. 

The instruction scheme divided the men into 8 platoons of 8 squads 
each and the assigning of each platoon to one-week periods of instruction 
in eight sub-divisions of the work as follows: 

1. General chassis repair. 
2. Chassis units repair, except engine and electrical units. 
3. Engine repair. 
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Electrical ignition, lightiag and starting. 

Carburetor trouble and block running. 

Road driving and trouble. 

Forge work. 

Tractors and stationary eas engines. 

The first detachment left on July 14th and was distributed as follows: 
250 to Camp Haacock, 162 to Camp Jackson, 27 to Raritan Arsenal, 33 
were retained as instructors and clerks, 12 were sent to officers’ traiaing 
camps and 26 to Camp Custer, 10 having been rejected for physical de- 
fects. 

The majority of the detachment saw service ‘‘over seas”’ 

On July 19, a second detachment, of 500 men from Michigan, arrived 
for the auto- mechanics course, and was trained and transferred by Septem- 
ber 13th. 

On September 13th, 480 men from Michigan arrived, were still in 
training at the time of the armistice and were held here until finally dis- 
charged from service on December 17th. 

About August Ist, 25 men were received for training as horseshoers and 
the same number as carpenters. 

A total of 1504 men received vocational training. 

By November 11, contracts had been closed and all arrangements made 
for training until June 30th, of this year, detachments of 400 auto-mechan- 
ics, 50 radio operators and mechanics, 50 topographers and 30 machinists, 
but of course we were requested to discontinue operations and ‘‘close up 
shop”. 

The Division of Veterinary Science cooperated effectively in the training 
of this group. 

The district director of the Se on Education and Special 
Training says of our work: 

“From an organization Pamipcien there were no complaints made, 
no excuses offered, none were necessary. The efficient organization 
was peculiar in that all educational matters went from heads of depart- 
ments to the Supervisor and then to the President. The President, 
Supervisor and Commanding Officer worked as a unit with the result 
that there were never any difficulties that were not anticipated and met 
before they matured. ; 

“The main course was for auto-mechanics and special instructors 
were selected—many of the men having been released by manufacturers 
as their patriotic contributions to the war work. Practically without 
exception. the instructors proved to be satisfactory. The course for 
horseshoers was on an excellent basis because of the sufficient number of 
horses to work upon and the assistance of the veterinary department. 

“Most of the equipment was purchased for this work but part of 
it was loaned by cooperative manufacturers. Ample room was provided 
so that there was no crowding in any way of the educational work. 

“The military and educational work was well balanced and there was 
no 128 a lack of snap in either the educational or military work from start 
to finish.” 
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3. Exhibit “‘A’’ appended hereto presents some personal observations 
on the work of Section B of the 8. A. T. C. at M. A. C. 

H. Appreciation. 

I hereby record my appreciation of authorities, colleagues and students 
for their cooperation in ‘‘carrying on” during the past year which we will 
all remember as an arduous and eventful period in the history of the Col- 
lege and of the Division of Engineering. 

Respectfully submitted, 
GEORGE W. BISSELL, 
Dean of Engineering, 
East Lansing, June 30, 1919. 
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‘‘ANALYSIS OF METHODS WHICH RESULTED IN THE MAXIMUM OF VOCATIONAL 
EFFICIENCY IN SHORT COURSES.”’ 


By G. W. Bissell, East Lansing, Michigan, at a conference of specialists 
in Industrial Education, formerly connected with the 8. A. T. C., Chicago, 
May 10, 1919. 

My connection with the great work of vocational training of soldiers 
under the general direction of the Committee on Education and Special 
Training of the War Department was that of Supervisor of Vocational 
Training in the S. A. T. C. at the Michigan Agricultural College. A visit 
to Purdue University a short time after the work had begun there and 
before we had begun it, and a visit to the University of Michigan during 
July comprise the experience which I did not acquire by ‘‘doing”’ the 
work itself. I may perhaps be pardoned, therefore, if my paper dis- 
cusses the assigned subject mainly from the standpoint of my own ex- 
perience which I will relate briefly. 

At the outset, I have no quarrel with the thesis. The work was highly 
satisfactory in the doing and in the results obtained so far as I know and 
can judge by what I have heard about it from others connected therewith. 

The discussion divides itself more or less naturally into two parts: 

1. The methods devised in advance of performance. 

2. The methods devised by experience in the performance. 

1. The Methods Devised in Advance were based upon: 

(a) The general specifications of the committee as to the character 
of training, the field to be covered, the time allowed, the character of 
men to be instructed and the preparations of the men to receive the in- 
struction. 

(b) The creation of an organization, administrative and instructional 
to start the work and carry it on smoothly, capable of adjustment to the 
needs as revealed by experience. 

(c) The material equipment available at the institutions or obtainable 
by the time needed. 

(d) A relative short preparation period. Too much emphasis should 
not be placed on this, because as a matter of fact schools had bid for 
specific work several months in advance of contracts and had made tenta- 
tive plans for doing it. 

(e) Inexperience in vocational training. I believe it is generally true 
that the college teachers and practical men who were utilized in the 
training of soldiers had had no experience in vocational training. 
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(a) Valuable suggestions as to character of training were contained in 
the instructions of the Committee, formally issued, and verbally in inter- 
views with the District Director, and from the various bulletins of the 
Federal Board of Vocational Education. 

From these sources the course of study was first outlined and then 
modified by consideration of institutional facilities for the work. 

At. M. A. C. the first job assigned by the Committee was that of train- 
ing for auto-mechanics, detachments of 500 drafted men qualified by 
Sth grade schooling and mechanical training or aptitude, notification 
being received on April 22, a contract being signed on May 3, and the men 
being scheduled to arrive on May 15, and to depart on July 15. 

It was decided to utilize an organization in the Farm Mechanics De- 
artment which had successfully carried on “short-course” work in gas 
tractors and small gas-engines for a number of years, and an excellent 
equipment and personnel in forge-work in the Mechanical Engineering 
Department. The outlines of the Federal Board of Vocational Education 
and the instructions of the committee were not in radical conflict with the 
above plans and we were able to draft thereby a number of our college 
personnel in the work, to their delight and with advantage to the morale 
of the whole undertaking as a college job. 

The organization as finally worked out provided eight units of instruc- 
tional work. 

1. General chassis repair. 
Chassis parts repair. 
Engine repair. 
Carburetor trouble and block test. 
Ignition, lighting and starting. 
Road trouble and driving. 
Forge work. 
Tractors and stationary gas engines. 

The instructional schedule was rotational instead of progressive and was 
based upon the platoons of which there were eight, each consisting of 
eight squads, each squad being a teaching unit so far as the duplicated 
equipment and the number of instructors was concerned, except in the 
forge-shop, where individual equipment was available at the outset. 

This scheme, in general and in detail, is very mechanical and might be 
criticised adversely on that score, but it worked so well when put in prac- 
tice that its main features were adhered to until the war ended. 

A very comprehensive recording system was devised to meet the re- 
quirements of the Committee. 

(b) The administrative and teaching organization personnel was recruit- 
ed from the college teaching personnel, from regular students, and from 
the outside. 

Some outsiders were obtained from two automobile schools in Detroit, 
some from the waiting list of another institution, some from apprentice 
school-work in automobile factories, some from mechanics in factories and 
garages, local and outside, some from Selfridge Field Transport School, 
and an electrical expert was loaned for a few months by a local factory. 

The men were picked as carefully as possible in the time available 
and only a few misfits were found. 

The number of teachers procured for each instructional unit varied 
with the character of the work and the estimated chances of finding 
suitable soldier instructors. 
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Early in the game the proposed organization was disarmed. The 
diagram was not changed after its adoption before the coming of the first 
detachment. 

The foree was assembled gradually, the men assigned to specific positions 
and set to work preparing the equipment which was being assembled con- 
currently. 

The initial staff consisted of about 50 persons. The working staff at 
M. A. GC. in October consisted of: 


IMiepARCE bea Chilo: Statirns prac ots sates Gees reo a 11 
MO bericalest atts eo yee eye a he ics epee (eee ds 8 
INISPAG @ Schliddenter-tn) sca oe ee ae re et ee 2 
Mra derschOOb men :.2 <:. so os Sells Ate eo eee 5 
WES vAts bransport tei sok. aaa nee ws toe eee e 2 
Bracticalimensass, obese Soe eee ee ee 17 
45 
Soldiers wINSEEUCCOLS 4 Scere 3a Seat cies heehee 26 
Saldiers clarke mccge ss c0 eae: 2 eat Wie ees 2 
28 
(3) 


The necessary relations and business with the military authorities were 
maintained by a committee consisting of the president of the college, the 
commanding officer and the supervisor. Frictionless cooperation resulted 
in all matters. Expenditures were controlled by the supervisor, the presi- 
dent and the secretary of the college. Purchases were made by the college 
purchasing agent and the supervisor classified the items of expense. 

(c) The material equipment was obtained in various ways and from 
many sources. Army trucks arrived before the instruction began. 

The work of instruction was based at the outset on the principle of 
“Learning by doing” but lectures and examinations were included as acces- 
sory means of imparting instruction. 

2. Methods Evolved by Experience. 

We found immediately that the soldiers were intensely interested 
and receptive, and that our chief concern was to be that they should 
have efficient instruction. 

We found also that our instructors were extremely eager to do the best 
that could be done. 

Our task was, therefore, that of training the instructors to the duties of 
the job which required: 

1. Individual instruction, except in lectures. 

2. Grading of the soldiers, in practice work and in examinations. 

3. Cooperation. 

This training was accomplished by: 

1. Supervision, continually by the supervisor, chief instructor, re- 
corder and the Commanding Officer. 

2. By teachers’ meetings. 

3. Rotational instructors’ schools. 

4. Suitable forms for grading. 
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2. The teachers’ meetings were held on Friday afternoons after class 
hours. ‘Teaching problems, grading, discipline, etc., were presented and 
discussed or papers were prepared and read by some of the instructors on 
appropriate subjects or outsiders lectured. 

3. Three afternoons each week, after class-work, the instructing force 
‘went to school” in rotation, one or two weeks in each of the instructional 
departments. This promoted cooperation. — Also the instructors attended 
the lectures given to the soldiers, in the subjects, germain to their work. 

The fifth afternoon was devoted to making or devising necessary changes 
in equipment to improve the work. 

4. Individual grading was done at the end of each class day, the forms 
used, being provided with photo of the soldiers to assist in this task. 

Another point developed from experience was that most of the soldiers 
wanted a text book of some kind. We procured and sold to them several 
hundred copies of Dyke’s Encyclopedia and prepared, gratis, complete 
mimeograph notes in all departments. 

The manuals issued by the Committee did not arrive in time for the 
first and second detachments and did not then meet our requirements, 
because they predicated “reading” before ‘‘doing” and this did not appeal 
to the soldiers, or to the instructors. These manuals were, however, very 
useful to the instructors from the “points” and suggestions contained as 
to the ground to be covered and the information and skill which the sol- 
diers should have. 

In tractor work a manual which had given good results with civilians 
was used for the soldiers. 

Note books were furnished to soldiers and their use advised in some 
units such as ignition and lighting. 

Experience showed that some instructors were not of the caliber or 
experience required, at least in the positions originally assigned to them. 
Transfers were made, involving sometimes demotion or promotion, and 
eventually some were released. 

Soldier instructors were used to some extent from the first week and 
were fairly successful especially after they were given temporary ‘‘non 
com” rank and allowed to put in full time, including attendance on in- 
structors’ meetings and schools. 

Since writing the above I have read Mr. Dooley’s “Final Report”’ and’ 
I conclude that my experience has much in common with others similarly 
engaged. 

An analysis of the general experience seems to me to show that the 
success which attended this large experiment in vocational training was 
due to: 

Superior motivation. 

‘Appropriate subject matter. 

The application of sound principles of organization. 

The application of sound pedagogic principles. 
. The disciplinary experience. 

_1. The motivation was two-fold—major and minor. The major motiva- 
tion was the spirit to “win the war’ which had awakened in the whole 
nation and was growing with tremendous speed and accomplishing won- 
ders in all national undertakings. This spirit invested the very soul of 
soldier-students and was bound to produce results if the energy resulting 
was wisely directed. 
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The minor was the idea of learning something worth while by going 
to school without financial anxiety. 

3. The principles of organization were business-like and applied, there- 
fore, with directness and efficiency. 

4. The pedagogical principle was that of “learning by doing” which is 
bound to produce better results with the majority of young men than an 
academic training. 

5. Regular habits and duties have been preached by many but their 
benefits have never been so strikingly shown as in the work which we are 
discussing. 


) 


Reactions. 


Our experiences will undoubledly react on educational methods of all 
kinds and in all branches of education. 

Just now, many colleges are undergoing relapses from army discipline— 

such as more serious out-breaks of hazing and inter-class scraps than for 
many years past. 
mm This is natural and will pass. Moreover, the colleges train only a very 
few relatively. The masses must be trained vocationally. The war has 
shown what can be done under the motivation of the war spirit. Let it be 
our task as a nation to lift up the industrial spirit to motivate vocational 
work. 

If this can be done I feel sure that the experience that we have had with 
the soldiers will be very useful. 

A useful reaction of the experience will appear in college training. 
Most of us learned much that will help us. 

. The advantage of individual instruction. 
The importance of tying instruction to the student’s previous ex- 
perience, aptitude and sympathies. 
The value of discipline. 
The importance of vocational selection by systematic mental 
tests. 
5. The necessity of revealing to the student as far as possible the 
practical value of the subject matter. 
All of which we thought we had fully appreciated and about which we 
-had certainly talked to the extent of “‘rain repetitions” but which we 
should know by experience. 
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REPORT OF THE DEPARTMENT OF CIVIL ENGINEERING. 


President F. 8. Kedzie, College. 

Dear Sir—The first half of the college year just passed presents a record 
of uncertainty, distractions and an almost complete disorganization of 
the regular educational plan, so far as engineering courses are concerned. 
The year before had been bad enough, but a hopeful sign appeared in 
the deferred service regulations of the War Board. However, the summer 
of 1918 brought a shock in the dissipation of this one promise for the future 
and deferred service for engineering students was revoked. Without doubt 
the connection ofthe College with the war program will be given ample 
historical record elsewhere, but I desire to pay my respects to the short- 
sighted policy which could and did throw into the discard all systematic 
training of real engineers. Had the duration of the war extended for 
several years I wonder whence would have come the necessary supply 
of trained men in this line. 
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For the fall of 1918 all thought of following our normal schedule was 
abandoned, but the requirements of the 8. A. T. C. program provided 
plenty of work for the teachers of this department. In these soldier classes 
there was no lack of earnest effort on the part of either instructors or 
students. In fact, all our teachers marveled at the eagerness generally 
shown by the students assigned to us for training. This manifestation of 
desire and receptivity died on the day that the armistice was announced so 
far as the majority of the students were concerned. They were more than 
ready to exert themselves to the utmost so long as their training could 
have possible use in the war program. When that possibility was removed 
the young men returned to their pre-war lines of thinking. Those who 
wanted to be physicians, lawyers, dentists or anything else than engineers, 
lost all interest in’ matters pertaining to engineering. It was an interesting 
study to note the remarkable transformation from classes uniformly 
earnest and purposeful to groups largely indifferent and apparently stupid 
when judged by the usual standards. 

Both the epidemic of influenza and the military control mixed in with 
the educational program tended to annoy and confuse us in our attempts 
at a systematic management of class training. During the whole period 
of dealing with the S. A. T. C. classes in Surveying and Mapping, the 
membership of no class appeared the same on two consecutive days. 

About two weeks before the 8. A. T. C. class work was taken up on 
October 1, 1918 this department had been given general directions con- 
cerning the character of instruction to be arranged for soldiers and sailors. 
These instructions came from the war committee on education. From the 
same source we received assurances that other information would be 
supplied “ina few days” regarding outlines of courses, sample exercises 
and the like. It would have been fatal to wait for the promised material, 
and it is interesting to note that practically none of it arrived in 1918, 
while quantities of it did appear about the 1st of May 1919, more than five 
months after the armistice and nearly as long after the 8S. A. T. C. had 
become only a memory. 

Courses had been prepared by the department, however, and such 
other preparations had been made that when the 8. A. T. C. contingents 
were assigned to the department they found ready vigorous courses in the 
subjects taught in this department. We had been directed to prepare 
and did prepare for a special contingent under the vocational program, to 
whose members we were expected to give special training in topographical 
surveying. This contingent never arrived. 

The department teaching staff for the year included the names listed 
below in the order of seniority of appointment. There were no changes 
or withdrawals during the year. 

H. K. Vedder, C. E., Professor of Civil Engineering. 

C. A. Melick, D. C. E., Associate Professor of Civil Engineering. 

C. M. Cade, C. E., Assistant Professor of Civil Engineering. 

R G. Saxton, C. E., Assistant Professor of Civil Kngineering. 

W. W. Hitchcock, C. E., Instructor in Civil Engineering. 

B. K. Philp, C. E., Instructor in Civil Engineering. 

H. M. Ward, B. S., Instructor in Civil Engineering. : 

(On leave for military service). 

By reason of his service in the Phillipine Constabulary, covering a period 
of about three years, Mr. H. M. Ward became eligible to a commission in 
the United States Army, and was appointed a Second Lieutenant in the 
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Reserves. He was secured by the civil engineering department¥as* an 
instructor in the fall of 1916 while he was in the states on a furlough, and 
he then terminated his connection with the Phillipine Constabulary. When 
the United States entered the war with Germany Mr. Ward was 
the first man to be called from M. A. C. He left the college May 
2, 1917 for active duty at Fort Snelling, Minn. He sailed for France 
June 13, 1917 with the 26th Infantry. His company later became a part 
of a machine gun battalion, and he took part in the fighting in numerous 
sectors including Soissons, St. Mihiel, Argonne, Mouzon and Sedan, be- 
sides serving for a time in the Army of Occupation. He became First 
Lieutenant in the field, and was discharged at Camp Custer, June 30, 
1919. 

Mr. Ward’s position as instructor was kept open for him, and he seriously 
considered the resumption of his work in the department until a tempting 
offer caused him to take up practical engineering and to withdraw from 
his college connection. 

All other members of the department staff stood ready to serve the 
country, and freely offered themselves for any duty that could promote 
the welfare of the United States in the great war. That our teachers with 
one exception were not called elsewhere was undoubtedly due to the fact 
that their usefulness was very properly held to be most efficiently applied 
when they directed their energies to the education of soldiers, as they did. 

As has been noted, the fall term of 1918 beginning October Ist 
witnessed a merger of our engineering schedule with the war program. 
Nearly all phases of class instruction were adapted to meet the require- 
ments of the S. A. T. C. All instruction of army units ceased in December, 
and we took up a regular college schedule on January 2, 1919. The winter 
term was occupied with the usual fall term program. The spring term 
was likewise given up to studies that normally appear in the winter. 
The arrangement of two summer terms in 1919, each six weeks long, 
made it possible for many engineering seniors to complete their work 
for graduation, and permitted lower classmen to make up the loss suffered 
by reason of the fall term army occupation. The subjects taught during 
the year by the department staff and the number of students in all classes 
are set forth below. Although the first summer term extends beyond the 
end of the fiscal year, it has seemed well to include it in this record since 
it completes a study year for a large percentage of our students. 


FALL THRM. 


Surveying and Mapping—2 hours in class, 6 hours in field, 114 students, 4 recitation sections, and 6 field sections, in charge 
of Messrs. Melick, Saxton, Philp and Hitchcock. 

Mapping and Navigation—2 hours in class, 6 hours in field, 31 students, 1 section. Recitation work directed by Mr. Cad> 
field work, Messrs. Cade and Saxton. 

C.E. 4a (Mechanics of Engineering)—5 recitation hours, 11 students, 1 section; Mr. Vedder. 

C.E. 6 (Hydraulics) recitation hours, 3 students, 1 section; Mr. Vedder. 

Mathemat cs for Soldiers—5 hours recitation per week, 17 students, 1 section; Mr. Philp. 

C.E.6 (Advanced Surveying)—2 hours in class. 4 hours in field, 6 students, 1 section; Mr. Vedder. 


WINTER TERM. 


. E. 3 (Agricultural Engineerinj)—5 recitation hours, 10 students, 1 section; Mr. Vedder. 
-E. 4a (Mechanics of Engineering)—5 recitation hours, 22 students, 2 sections; Mr. Philp, Mr. Saxton. 
- E. 4b (Mechanics of Enginzering)—5 recitation hours, 11 students, 1 section; Mr. Melick. 
E. 4d Graphics of Framed Structures) —3 recitation hours, 6 students, 1 section; Mr. Melick. 
-£. 5 (Hydraulics)—5 recitation hours, 14students, 1 section; Mr. Saxton. 
.E.6a (Hydraulic Lv5 ora or 4) 4125 ority-y hoirs, 6 students, 1 section; Mr. Saxton. 
E. Ya (Topographic Mapping)—6 laboratory hours, 4 students, 1 section; Mr. Cade. 
E. 8a ( Bridge Stresses)—3 recitation hours, 6 students, 1 section; Mr. Vedder. 
C. E. 12 (Experimental Laboratory}—6 laboratory hours, 6 students, 1 section; Mr. Hitchcock. 
Drawing & Design 3a—6 laboratory hours per week, 16 students, 1 section; Mr. Philp. 
Drawing & Design 4e—8 laboratory hours per week, 26 students, 1 section; Mr. Cade. 
Drawing & Design 7—6 laboratory hours per week, 6 students, 1 section; Mr. Hitchcock. 
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SPRING TERM. 


C.E. 1b (Surveying & Leveling)—2 hours in class, 4 hours in field, 41 students, 3 recitation sections, 3 field sections, in charye 
of Messrs. Cade, Philp and Hitchcock. 

C. E. 2 (Surveying Methods)—3 hours in class, 4 hours in field, 4 students, 1 section; Mr. Vedder. 

C. BE. 4b (Mechanics of Engineering)—5 recitation hours, 21 stude nts, 2 sections; Mr. Saxton, Mr. Hitchcock. 

C. E. 4c (Strength of Materials) —5 recitation hours ten students, 2 sections; Mr. Philp. 

C. E.6 (Advanced Surveying) —3 hours in class, 4 hours in field, 18 stude nts, 4 recitation sections, 4 field sections, in charge of 
Messrs Cade and Hitchcock. 

C. E. 6a (Topographic Mapping)—2 hours in class, 4 hours in field, 7 students, 1 section; Mr. Cade. 

C.E. 6b (Higher Surveying) —1 hour in class, 4 hours in field, 6 students, 1 section; Mr. Vedder 

C. E. 8b (Bridge Analysis and Design)—8 \aboratory hours, 6 students, 1 section; Mr. Melick. 

C.E. 9 (Masonry and Arches)—3 hours in class, 4 hours in laboratory, 6 students, 1 section; Mr. Melick. 

C. E. 10 (Pavements)—2 recitation hours, 14students, 1 section; Mr. Saxton. 

: E. 14 (Astronomy)—2 hours in class, 2 hours in field, 10 students, 1 section; Mr. Vedder in class, assisted by Mr. Philp in 

field. 

C.E. 15 (Water Supply and Sewerage)—4 recitation hours, 8 students, 1 section; Mr. Saxton. 

C.E.17 (Road Construction) —2 hours in class, 6 hours in field, 10 students, 1 section; Mr. Saxton. 


FIRST SUMMER TERM. 
C. E. 4c (Strength of Materials)—10 recitation hours per week, 19 students, 2 sections; Messrs. Saxton and Philp. 
C. E.? (Railroad Surveying) —6 hours in class, 8 hours in field, 5 students, 1section. Recitation work directed by Mr. Saxton; 
field work, Messrs. Saxton and Philp. 
C.E.11 (Thesis) —40 laboratory hours per week, 5 students, 1 section; Mr. Vedder. 
C. E. 13 (Contracts and Specifications)—6 recitation hours per week, 16 students, 1 section; Mr. Vedder. 

For all army courses in surveying the texts used were Leach’s Engineer 
Field Manual and Connor’s Military Railways. Other text-books used 
during the year were Merriman & Jacoby’s Roofs and Bridges, Vols. I, 
II, III; Vedder’s Notes on Surveying, Daugherty’s Hydraulics, Hancock’s 
Mechanics, Baker’s Masonary Construction; Harger and Bonney’s 
Highway Engineers’ Handbook, Turneaure and Russell’s Public Water 
Supplies, Folwell’s Sewerage, Hosmer’s Astronomy, Tucker’s Contracts 
in Engineering, Boyd’s Strength of Materials, Allen’s Railroad Curves 
and Earthwork, Breed and Hosmer’s Surveying, Vols. I, II; Ingram’s 
Geodetic Surveying and Blanchard and Drowne’s Highway Engineering, 

The total expenditure by the department during the year for all pur- 
poses has been $1,109.80. During the same period the sum of $127 
has been turned in for class and examination fees. 

Respectfully submitted, 
H. K. VEDDER. 
Professor of Civil Engineering. 
East Lansing, Mich., June 30, 1919. 


REPORT OF THE DEPARTMENT OF MECHANICAL 
ENGINEERING. 


Dr. F. S. Kedzie, President, Michigan Agricultural College. 

Dear Sir—I am submitting the following report of the work of the 
Department of Mechanical Engineering for the year ending June 30, 
1919. 

The personnel of the department at the end of the year was as follows: 

H. B. Dirks, Professor of Mechanical Engineering. 

Appointed May 1, 1919. 

W. E. Reuling, Assistant Professor of Mechanical Engineering. 

A. P. Krentel, Foreman of Wood Shop, 

G. J. Posthumus, Instructor in Wood Shop. 

G. C. Wright, Foreman in Machine Shop. 

R. G. Bigelow, Instructor in Machine Shop. 

J. A. Eicher, Foreman in Foundry. 

W. G. Hildorf, Foreman in Forge Shop. 

Andrew Watt, Instructor in Forge Shop. 

EK. C. Crawford, Laboratory Engineer. 

J. F. Hineline, Mechanician. 

C. N. Rix, Storekeeper. 
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Mr. J. A. Polson, formerly head of the department, resigned on March 
1, 1919, giving up his teaching work to enter the field of the manufacturing 
industry. As the new head was not appointed until May Ist, the direction 
of the department was in the hands of Dean Bissell until that time. The 
courses formerly taught by Professor Polson were handled as follows: 
ME-5a, Works Management, by Mr. Wright, ME-17a, Thermodynamics, 
by Mr. Field, and ME-13d, Engineering Laboratory, by Mr. Reuling. I 
wish to express my appreciation of this extra work by the above men. 

Mr. G. H. Peters, formerly Instructor in Wood Shop, resigned on 
March 15, 1919. His place was not filled and necessitated the carrying 
of an added burden by Mr. Krentel and Mr. Posthumus, for there were 
131 students registered in the Wood Shop courses in the third term. Ap- 
preciation of this added work is acknowledged. 

On account of the forming of the Students Army Training Corps, 
there was very little of the fall term college work,given, as indicated in 
Table I. The regular work was replaced by specified courses laid down by 
the Government, which varied with the age of the student and the branch 
of training to be followed. 

In January the 8. A. T. C. was abandoned, and the regular fall term 
college work was taken up. The winter term’s work was taken up in 
spring, and the spring terms work is being completed during the summer, so 
that by next fall, it is hoped, most of the irregularities due to the war will 
have disappeared. 

In addition to the regular college work and that of the 8S. A. T. C., a 
great deal of work was done by members of the department in connection 
with the training of the soldiers in the Auto Mechanics Training School, 
established here by the government beginning May 15, 1919, and which 
continued for three terms, viz., May 15 to July 15, July 15 to September 15, 
and September 15 until November 15, 1918. The following is a list of the 
instructors in this work, and represents their contribution to the war 
activities of the country. . 

J. A. Polson, Chief Instructor in Shop Courses. 

G. C. Wright, Assistant Instructor in Shop Courses. 

W. E. Reuling, Instructor in Farm Tractors and Gas Engines, Ist and 

2nd terms, Instructor in Mathematics in 8. A. T. C. during 38rd term. 

J. Hineline, Instructor in Carburetion and Block tests during 1st term, 

and Instructor in Road Trouble during 2nd and 3rd term. 

W. G. Hildorf, Instructor in Forging and Welding and Frames and 

Front Axle Repairs, during all three terms. 
G. J. Posthumus, Instructor in Chassis Repairs, Rear axles and 
Springs, during 2nd and 3rd terms. 

Andrew Watt, Instructor in Forging and Welding—during all terms. 

EK. C. Crawford, Storekeeper—three terms. 

R. C. Bigelow, Machinist (Enlisted as soldier, but transferred here for 

special service). 

A. P. Krentel, Superintendent of building of Barracks and garage. 

J. A. Eicher, Assistant Storekeeper, during 3rd term—Employed in 

Ford foundry on castings for Eagle boats, during Ist and 2nd term. 

During the year new equipment has been obtained for additional work 
in the heat treatment of steel, and also two crucible furnaces, for the 
foundry work in brass and the soft metal alloys. 

I wish to call attention to the needs of the department for further 
equipment in the machine shop so that our students may be better able 
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to understand and to help solve problems, in the modern methods of manu- 
facture, and also for further equipment in our laboratory necessary for 
the study of power production and transmission machinery, the strength 
of materials, and power plant work, including the economical use of 


fuels. 


The class work of members of the department is given in the tables 
that follow. 


East Lansing, June 30, 1919. 


Respectfully submitted, 


H. B. DIRKS, 


Professor of Mechanical Engineering. 


TABLE I. = 


Class Work of Department of Mechanical Engineering, Fall Term, 1918. 


es 
No. of Hours per} No. of Student 
Class. Subject. course. Teacher. week each } students. | hours per 
student. week. 
Freshmen....| Elements of Engineering... .. eS te DeansBisselllise ee eee eee 1 26 26 
Freshmen....| Wood Shop................. Dees Mr. Krentel, Mr. Peters....... 6 49 294 
Freshmen....| Farm Mechanics............ Dal ree Mr. Krentel, Mr. Peters........ 6 29 174 
Seniors......| Gas Power Engineering. ..... Scneee ProfeReulingss erin eeekeeLe 3 3 9 
10) 1] Cane lee aero ee AS Seo eee eee al ae a bor [1 pee ee a AN Se OR oat alec en wa 107 503 
TABLE II. 
Class Work of Department of Mechanical Engineering, Winter Term, 1718. 
No. of Hours per | No. of Student 
Class. Subject. course. Teacher. week each | students. | hours per 
student. week. 
Freshmen... .| Elements of Engineering... . . i erate Dean=Bissellaterae escent 1 77 77 
Freshmen.....|' Woodshop... =.........-.... 2a. ee Mr. Krentel, Mr. Posthumus. .. . 6 81 764 
MrsPetersise sc cnteetie na stoeeee 
Hreshmen--s||/- Woodshops=-rec-isme esiecie 2D ee Mr. Krentel, Mr. Posthumus. .. . 6 47 
MrReters achennisaies con Ere 
Sophomore...| ForgeShop................. 3ab. Mr. Hildorf, Mr. Watt.......... 6 25 464 
JUNIOIS 9. seh PHOrgze SHODen 2 aes eee ee 1a. Mr. Hildorf, Mr. Watt.......... 2 33 
Sophomore...| Foundry................... dab. MrsWichenzeisety ee eee 6 25 150 
Juniors......| Engineering Laboratory. ..... Walesa, Mr. Reuling ae 3 30 
Juniors......| Engineering Laboratory... .. - 13a Mr. Reuling 4 26 392 
DENLOSemat aril) GasiPOwelL see cnee ances Se. Mr. Reuling 3 9 
Seniors......| Engineering Laboratory. .... 13e. Mr. Reuling 4 21 480 
Seniors......| Engineering Laboratory. ... . 13d. Mr. Reuling..... S feta ie 6 2 
Juniors......| Machine Shop............. 2h x Mr. Wright, Mr. Bigelow... 6 29 228 
DEDLONS seal uUMachine: Shop sue)... seis 2k... Mr. Wright, Mr. Bigelow...... 6 9 
Seniors......}| Works Management........ 5a. Mr. Wright, Mr. Bigelow...... 3 1 
Seniors... .. Heating and Ventilating. ... 18e. iProfaiPolsone peer eecere f z 3 7 21 
DENTOLS yet |e NOSIS Manco tee ce Palelos: Profi-Polsoniasenc se ee eee 20 1 20 
dren WOmenees||WOOdShOpen... seoee snes: 21a Mr. Krentel, Mr. Posthumus. .. . 4 5 20 
MriiPeters ergs enti 
Total a3 eo seks ee epee ee ea all tec sell cco eR Pn SON hein ae 428 2,616 
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TABLE UT. 


Class Work of Department of Mechanica! Engineering, Spring Term, 1919. 


No. of yHours per | No. of Student 
Class. Subject. course. Teacher. ‘week each | students. hours per 
| student. week. 

Freshmen....| Woodshop...............-- 2a.....| Mr. Krentel, Mr. Posthumus... 6 | 1 | 
Freshmen....| Woodshop.........-..... _.| 2b.....| Mr. Krentel, Mr. Posthumus. . 6 76)! 912 
Freshmen....| Woodshop................. 2e.....| Mr. Krentel, Mr. Posthumus. . 6 Dele) 
Sophomore...) Forge Shop..............-. oa os Mr. Hildorf, Mr. Watt........ 6 20 - 
Sophomore...| Forge Shopaeenen. Se lesere Mr. Hildorf. Mr. Watt...... 6 D6 | eas aoe, 
Seniors......| ForgeShop.................| 2b.....| Mr. Hildorf, Mr. Watt.. 6 6 | | 
Sophmore...| Foundry................-- Wave Mine Bacher’ ccc oss cmc 6 }Y 2301 
Sophmore...| Foundry..................- denne Mr. Eicher... .. =| 6 22 270 
Juniors..... MachineShop.............. 2i.....| Mr. Wright, Mr. Bigelow . : 6 20 
Seniors......| MachineShop...............| 2k.....| Mr. Wright, Mr. Bigelow... Aen 6 ite] 165 
Seniors......| MachineShop.............. ip Ea Mr. Wright, Mr. Bigelow... ... 6 4 
Seniors......| MachineShop.............. 5a.....| Mr. Wright, Mr. Bigelow...... 3 5 
Juniors...... Thermo-dynamics.......... 17a ees| Prot: Wieldis;5 228... 8. 4 21 88 
Seniors......| Thermo-dynamics.......... iene |erofe Eieldsts eee aeons 4 1 
Juniors..... Engineering Laboratory......| 13a....| Prof-Reuling............... 4 3 
Juniors......| Engineering Laboratory......| 13b....| Prof. Reqhing! oer. yy 4 2 | } 218 
Seniors......| Engineering Laboratory. .....| 13d....| Prof.Reuling................ 8 14 | } 
Freshmen....| Farm Mechanics. . _.....} 2d.....| Mr. Krentel, Mr. Posthumus. 6 24 | 144 
Freshmen....| Farm Mechanics.............| 3d.....| Mr. Hildorf, Mr. Watt. 6 64 384 
Jr. Women...| Woodshop.......... Sere DID =< s.||GMraentreletere .. cee etic fo 2 3 | 6 
Seniors......| PowerStation Design........| 18b... WMennBissellesee oe eee 7 13 | 91 

BOG alintey | eee ies ce nein isis te cance eects Pane ae Rem es cnc co cee ie cee 421 2,590 


REPORT OF THE DEPARTMENT OF ELECTRICAL 
ENGINEERING. 


President F. 8. Kedzie, College. 

Dear Sir—At the time of my last report, the United States was at war, 
and the department was holding itself in readiness to train men for Signal 
Corps work in the army. Our whole staff remained on duty during the 
summer ready to give instant service in the war work. We expected to 
have 75 or 100 men in training for the Signal Corps, but before they ar- 
rived the armistice was signed. 

Mr. Andres of the Department of Electrical Engineering assisted in 
the electrical instructional work of the Motor Mechanics School, being 
engaged in that work until the 11th of October. Since that date we have 
been endeavoring to get readjusted to peace conditions. It meant the 
rearranging of apparatus, and the renewing of our equipment (which had 
been previously depleted by the fire of 1916). 

After the armistice was signed, in order to encourage former students 
to return to college, the faculty very promptly promised them that upon 
their return classes would be provided for them, so that they could go on 
with their regular college work with a minimum of interruption. That 
promise resulted in pretty strenuous times for every department, and 
necessitated broadening the scope of the work of the Summer School, this 
year, as a very large proportion of the students missed their fall term’s 
work, and would be obliged to attend Summer School in order to be 
ready for their regular classes this fall (1919). 

In the fall of 1917, Mr. P. G. Andres left his teaching work in the 
Northern Peninsula to help the College with its radio telegraphic w ork 
which provided instruction in telegraphy for all the students who desired 
to prepare for that line of service, during the period of the war. As stated 


A 
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earlier in my report, he assisted in the electrical instructional work in 
connection with the U. 8. Army School of Motor Mechanics under the di- 
rection of the Mechanical Engineering Department. 

From July 18 to September 16, Mr. M. M. Cory, of the department, 
attended the 8. A. T. C. camp at Fort Sheridan, Illinois, where he received 
special instruction in liaison work. On his return to the College, he assisted 
the Military Department throughout the duration of the war, and for a 
time after its close. : 

Very respectfully submitted, 
A. R. SAWYER, 
Professor of Electrical Engineering. 
East Lansing, June 30, 1919. 


REPORT OF THE DEPARTMENT OF DRAWING AND DESIGN. 


President F. S. Kedzie, Michigan Agricultural College. 

Dear Sir—I herewith present to you my third annual report as head of 
the Department of Drawing and Design for the year ending June 30, 1919. 

During the period from May 15 to December 15, 1918, I served the 
College in the capacity of Record Keeper for the Vocational Section of the 
Student Army Training Corps, in addition to my regular duties connected 
with the Drawing Department. A complete record of the individual 
work carried on daily by each student was kept in my office and from these 
records frequent reports were sent to Washington, and the boys aptitude 
along certain mechanical lines was determined. At the end of each two 
months the men were grouped according to their abilities and sent out 
into the service of the government. There were 1626 men who were in- 
ducted into the service and whose records are on file in my office. 

Work was offered in the fall term to members of the Student Army 
Training Corps (S.A.T.C.) as shown in the Teaching Schedule attached 
to this report. Every effort was made to correlate the work with the 
outlines as submitted by the Committee on Education and Special Train- 
ing and at the same time we had in mind the possibility of substituting 
this work for college credit at some future time. 

There were some sections of regular college students enrolled and our 
total for the fall term including both groups, was 375 as compared with 
294 the preceding year. 

Mr. L. N. Field served as one of the lecturers in the Vocational Section 
from May 15 to December 15, 1918. 

Mr. J. W. Steward served as an instructor in the Tractor and Gas En- 
gine Department throughout the summer. 

The personnel of the department at the opening of the fall term was as 
follows: 

Mr. R. K. Steward, Professor. 

Mr. Chase Newman, Associate Professor. 

Mr. L. N. Field, Associate Professor. 

Mr. J. W. Steward, Assistant Professor. 

Mr. A. G. Scheele, Assistant Professor. 

Miss Caroline L. Holt, Instructor. 

Mr. E. H. Stewart, Instructor. 

Mr. Justus Rising, Instructor. 

Miss Edith Butler, Assistant Instructor. 
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Mr. Alfred Iddles, Assistant Professor, was given a leave of absence 
February 15, 1918, and resigned December 26, 1918. 

Mr. F. D. Messenger was given a leave of absence on May 4, 1918 and 
resigned January 8, 1919. 

Mr. M. B. Chapin was drafted November 16, 1917 and has been over- 
seas in service. He returned to this country the last of April and it is 
hoped that he will return to take up his work teaching in the department 
in the fall. 

I wish to express to the Department of Civil Engineering my apprecia- 
tion for the services of Messrs. C. M. Cade, W. W. Hitchcock and B. K. 
Philp, who assisted us during the winter term. 

In my report of last year I stated that plans were being worked out for 
the development of courses along art lines, and I am pleased to state that 
through the efforts of Mr. Scheele, and the cooperation of the Department 
of Household Art, outlines for additional courses have been presented to 
and approved by the faculty, so that, commencing next fall, the freehand 
work will be required of freshmen women during the first two terms. 

In the fall term sophomore year, a girl who is interested in drawing 
and painting may elect work in these lines and continue it throughout 
her college course if she wishes. This will include courses in History of 
Art, History of American Art and History of American Paintings. 

There have been several changes in the courses given to the women 
students to correlate more closely the work of the Household Art and 
Drawing Departments. 

There has also been approved by the faculty, certain changes in the 
arrangement as well as context of drawing courses offered to the freshmen 
and sophomore engineering students, and I feel that these changes are 
going to increase the efficiency of the department in its dealings with en- 
gineering students. 

The blue printing department has completed another satisfactory year 
from a financial standpoint, and has served a number of departments 
about the College. 

In closing permit me to bear testimony to the uniform support which 
I have been given by the members of the department staff. 

The following is a teaching schedule of the department: 
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THNACHING SCHEDULE DEPARTMENT OF DRAWING AND DESIGN. 
YALL TERM, 1918. 
4 No of 
Class. Subject. No. Instructor. Hours. |Students. 
Freshmen........-- Mechanical Drawing............. 4ab-1. CeNewman ts sc oe ess tee 6 28 
Freshmen... ......:. Mechanical Drawing............. 4ab-2 . TNE Pield ree ectimiebeere cee oe 6 22 
tSophomores.......| Machine Design................. Gans J Westewards-0 enero: 6 23 
Sophomores. ...... Freehand Drawing.............. 1b-1. ‘AG Scheele: Ao een re ae 10 16 
Sophomores. ....... Freehand Drawing.............. 1b-2. GaiiHolt 2s aces poem oeetee 10 15 
*18 years...........| Mechanical Drawing............. Dee, Bye EK. H.Stewart. R. K.Steward....... 3 35 
*18 years........-..| Mechanical Drawing............. 1 ieee Je Westeward's famille reteset 3 24 
*18 years...........| Mechanical Drawing............ Pb isesee: WE Stewabtnnecw alee teene 3 18 
*18 years...........| Mechanical Drawing............. TS. ae KE. H. Stewart,C. Newman........ 3 30 
*18 years...........| Mechanical Drawing............. IVa. IN@WINAN cis, egio ti tee eos 3 16 
*18 years...........| Mechanical Drawing............ IWibeeers Hab AStewartecucemernc nye 3 22 
*19 years...........| Mechanical Drawing............. “Eng.” R. K. Steward, J. W. Steward..... . 4 32 
*19 years...........| Mechanical Drawing............. sad Nites ta L.N.Field,C. Newman.......... 3 37 
*20 years.-.........| Mechanical Drawing............. “Eng Ue, We Stewards stents eee 6 32 
*20 years...........| Mechanical Drawing.............| “Ord” CANewmanicnaeesrisance acne 4 3 
*20years...........| Mechanical Drawing............. ate GClNewmansssee ep eta ene 0 22 
(O) eee aeseens Lecturesin Vocational Work. ......].........- TNs Hieldee st & co icsmtacicrsnves 12 140 
OSES eee See. Record Keeperw.wseu ec acon etna eee re IRS Ke SteWward:= seen tant coseioene all teers 546 
Ws) 1 eRe | Per es rant ane er idl oni ners Aen y ye RRs ean Gab mitot  acllaeenecoz 1,061 
*Class “AS. A. T 
+Combination of Clas ‘A” and regular students. 
(0) Class “B’”’S. A. T. C. 
TEACHING SCHEDULE DEPARTMENT OF DRAWING AND DESIGN. 
WINTER TERM, 1919. 
: No. of 
Class. Subject. No. Instructor. Hours. | Students. 
Freshmen.......... Mechanical Drawing............. SH oes Jawa stewardess. seen. SORE 6 16 
: Miss CSHoltzte cee ter cen ee 
Freshmen.......... Freehand Drawing............... 3a-2 A. GiScheele Se ectcneceese 4 16 
h : BdithiButlersepr seen ceeeice 
Treshmen. ........ Mechanical Drawing............. Baz erlae BEKiaPhilp ere a bocca eearaeee 6 16 
j Miss. Holt...) 52.2: Pe Oe 
Freshmen......... Freehand:Drawing: .... 0/02 ..<.6: 3a-3 AWG Scheel exaa snack eon ace , 4 f 16 
- ? (EidithiButlerseess neces seen 
Hreshmen’. <.-se.< Mechanical] Drawing............. da-4..—.. SVS LG WAG veer eee erceetere terre ere 6 17 
; (Miss\CAHolte Ss. cnn: 
Freshmen......... Freehand Drawing................ da-4. 5... AG schecleans son ne ene > 4 17 
3 t Bd thButleneee eee 
Freshmen......... Mechanical Drawing............. 4ab-4da WSHeStewantmccrcicar cocking acne 6 15 
Freshmen......... Mechanical Drawing............ 4ab-4b CENewnant asistencia 6 13 
Freshmen......... Mechanical Drawing............. heath cee AGSNe Wield Beceem ates 8 12 
Freshmen.......... Mechanical Drawing............. 4e-2 > 2.55 MUELStewanticc ce arc canes es 8 14 
Freshmen......... “Mechanical Draing.............. Ae-3\5....» CoNewmant 0 ace ease ees 8 16 
Freshmen......... Mechanical Drawing............ a R. K. Stewart, Justus Rising... .. 8 14 
Freshmen ......... Mechanical Drawing. ........... 4e-5.. MHaStewartie even checasecmentens 5 21 
Freshmen... ...*.. Mechanical Drawing. ............ 4e-6..... COMO aden ions a eee ee 8 26 
Sophomores. .......] Machine Design................. ba-1. DeaWs ObeWardiccs «tesa tatice ore 6 12 
Sophomores. .:..... Machine Design................. 6a-2 JUStUSIRISIND = ee ee eee erect 6 8 
Sophomores. ...... Machine Design................. 6b L. N. Field, Justus Rising. ....... 6 21 
JUMIONSs «Sele clot: KUNEMALICE eee a-bifoetteteereee pRascens IgE NOES oe coonopancdesoaes 4 6 
JUNIOTS eisteeioeeee Machine Desipne cee mantener Gea oer IPB EGG IE siae chosinGnnsoueacoas 3 4 
JUMIOrs ss esse See Perspective si. sma mccciatea ton: Woerseceice WW, Hitchcock’ cece 6 6 
Juniors and Seniors. .| Freehand.................0-. 0: UnsEAeooe AL Gepcheel e.coce ae cetera 7 42 
Juniors and Seniors. .| History of Art................... 2heacee Missiflolt =e semen mine eeites oe 5 10 
Seniors eres: 15-4], ELOuse Designicncies s-sanins critic a1 ee Roe Steward sssccnwene cect 6 16 
SHEMIOLS ioeie creer lsis 03 Hovise Designk> cancton secant OH sci GONGwimanisaccc abasic centers 6 21 
otal ee ccs well Rolsieielaisleriesierereveisin aie pisheteretereferaierere|leterets ereletorela|lereieicleietesereniniciertereiciereiate Se eeiataleitecctall y pcerereiete 384 
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TEACHING SCHEDULE DEPARTMENT OF DRAWING AND DSSIGN. 
SPRING TERM 1919. 
| 
No. of 
Class Subject. No. Instructor. Hours. |Students. 
Freshmen.......... Mechanical Drawing.............| 3a-1 C.Newman..... 6 15 
Reece SFA c aon a 
Freshmen......... Freehand Drawing.............. 3a-1 AG Grascheelenr end ni cele healt 4 15 
{Edith Butler.............. } 
Freshmen.......... Mechanical Drawing... 3a-5 JEWS LEWALd ser eee. oes 6 20 
{Miss CeHolineenecer ees... | 
Freshmen....... _.| Freehand Drawing............ 3a-5 VA.GsScheele.c........... >| 4 | 20 
(Edith Butler........ Ae eee | 
Freshmen.......... . Mechanical Drawing............ 3a-6 CONewmsn et are rts fei 6 18 
(Miss\CSHolitmcosaests aes. ) 
Freshmen........ Vreehand Drawing............... pa-Oeeeee Iai Scheele. oe sasaki se th 4 18 
Edith Butler... .. rs cial 
Freshmen......... Mechanical Drawing.............| 4e-1..... @&Newmantes nn, Be E 8 13 
Freshmen......... Mechanical Drawing............ 4e-2..... Justus Rising.......... nee 8 13 
Freshmen.......... DescriptiveGeometry............ 5ab-3 WobeStewartin:.sac..cc-0- ; 6 15 
Freshmen......... DescriptiveGeometry............ 5ab-4 Rakgotewatd ens: ca een cs 6 9 
Freshmen....... Descriptive Geometry............ 5ab-5 SHO Stewart sae ey: 6 22 
Freshmen......... Descriptive Geometry........... 5ab-6 Rese Stewardrecsne reece. 6 13 
Freshmen.......... Descriptive Geometry............ dab-7 RaKeStewardencemeee ce aera. 6 16 
Freshmen......... Descriptive Geometry........... 5ab-8 HAH Stewarterme soma on 6 16 
Sophomores........ Machine Design................. 6b-2. TWa pte Ward ata a aeer 6 13 
Sophomores. ....... Machine Designz. 222... ..,- Gbe8iecn:: JUSEUS RISING sae rere eee 6 10 
JUNIOLS). «.. sce wee - Kinematics....... | 6c. DeNGhielde st sae eee 4 2 
Juniors. . Machine Design. . eee | 0G-4: UINGRiel de ase ania eee 3 5 
Juniorsand Seniors. | Freehand Drawing. Pe Teor fee le.. Miss C. Holt, A.G. Scheele... .. 6 9 
Juniors and Seniors Freehand Drawing...............| 1L.. MissC. Holt, A.G. Scheele. ...... 6 16 
Juniorsand Seniors. .| History of American Art.......... 2d ee MissiCSHolt? nee neon. 3 21 
WEMMOTs as jaca. Hngme'Design'.... oJa.ceep oa. 0.0 Sbeeanee eNebicldtse wane casters sano 8 4 
AUIMIOTS eA ere ae: Thermodynamics................ ME I7a eNahiel die. he de. pote teen 4 22 
EMCI ae net 5 Mig SNE ee ca eT PO as ey ITI eactro ON| e ee  I  e 325 


East Lansing, June 30, 1919. 


Respectfully submitted, 
R. K. STEWARD, 
Professor of Drawing and Design. 


REPORT OF THE DEAN OF HOME ECONOMICS. 
President Frank S. Kedzie, Michigan Agricultural College. 


My dear President Kedzie 


Permit me to present the following 


for the Division of Home Economics for the year 1918-19. 
‘The enrollment for the year was as follows: 


Gradu 


Seniors 


Junior 


Sophomores 
Freshmen 


Specia 
Summ 


ate. 


Silo epeer EPL Nite Ger wah Reese ea a pes ees oy Oil ah ieae ae Gray ree 


1 Students 


SP ef able! Voix st whip wr arse! eel cshin: w em ale) ene, /\sg overs lepiey 0 ve) s.eyiel.© |S) 


ET SESSION NO LO ne ee ates Jaca 8 Biv soars Piece Gove Sores 

A number of changes were made in the regular course of study. Courses 
in applied design, costume design and millinery have been added to the 
work in Household Arts and a course in advanced nutrition and dietetics 
to the work in Household Science. 

A special course has been outlined in the junior and senior years for 
those wishing to specialize in vocational teaching. 


report 


-l 
for) 
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The course of study now stands as follows: 
FRESHMAN YEAR. 


Fall Term 


WViathematicsi lense eeer mes 5(5-0) 
College Algebra 

Winighishray Aes sent = eee rare 5(5-0) 
Composition 

Wousehold An: tiel ass. eeeea rserc et 5(2-6) 
Sewing 

iDyahwataleee lobe sos Ato acs o OO cuoiecae 3(0-6) 
Freehand 

Household Art 10a... ..750..2%.- 2(Q-4) 
Design 


Physical Training a 


20 


Winter Term 


Spring Term. 


C@hemistryz9 sae ee 
Qualitative Analysis 


English 81 
Composition 


or 
Mathematics 3 


Analytic Geometry 
Household Seience la 


Foods 


blistonye2arnweee eee 
Nineteenth Century 


Physical Training ¢ 


SOPHOMORE YEAR. 


Fall Term 


Chemistry Osan ee ese o(O—4) 
Organie Chemistry 

Bacterniolosyaillan ee ee Gee OOO) 
General Bacteriology 

Household Science Ib............5(2-6) 
Foods 

SuLisbory mle ese et ect ae ees Ol OnO) 


Contemporary Huropean 
Physical Training d 


20 


Chemistry slat rut eee ee a) 
General Elementary 
English 8k ) 
Composition | 
or +5(5—0) 
Mathematies 2 
Trigonometry 
HouscholdvAnrtilibenrss a eee C—O) 
Sewing 
Drawanohl haya apeiers vie eee 2(0-4) 
Freehand Drawing 
Household Arts 10b.............3(0-6) 
Design 
Physical Training b 
20 
apelae Vier het eee) (=O) 
) 
15(5-0) 
Tee eS ea 5(2-6) 
aM oe sie sO Os) 
20 
Winter Term. 
iBacteriolopye2ee as eee 5(O0-10) 
Morphological and Cultural 
BYSICS Set eta hh re 5(3-4) 
Heat 
Household Science le............5(2-6) 
Foods 
SHCONOMICS Soe eee cee ee =O) 


Principles of Sociology 
Physieal Training e 


20 


Spring Term. 


Physics Saar ita ene net oe Oa) 
Sound and Light 

HCONOMI CSO ersaee eaten ee (0) 
Elements of Economies 

HouscholayArt:35-. uaa geet (a0) 
Textiles 

SH nolishwe las eeee ry eee ee ree ere (0-0) 
Advanced Composition 

Physical Training f 

20 


*Sophomores who wish to doso, may, with the written recommendation of the department con- 
cerned and the consent of the dean of the division, take a modern language, continue work in math- 
amatics or drawing or begin one of the elective sciences in which there isa sequence of three terms’ 
work, substituting the same for History 2 (Fall Term), Economics 8 (Winter Term) and English 8h 
(Spring Term). All students making this substitution are expected to carry the subject substituted 
for three consecutive terms of the year. 
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JUNIOR YEAR. 
Required Work. 


: Fall Term. Winter Term. 
¥ouschold Art 4... .2..5....7.-- )3G-4) . Household Art 2a.:............. 
Costume Design Clothing 
and @honisuryeoltecss 2.50. ols el: : 
Household Science 3............ }2(2-0) Physiological Chemistry 
Household Management - Physical Training h 
or 
Household Science 4............. 5(2-6) 
Advanced Cookery 
EVNIGIOP TDs... 2608s ee es 5(3-4) 


Physical Training g 


Spring Term. fe 


Household Art 2b 2: sees oe oases 5(1-8) 
Clothing 

Ghoenusthyc lacs eee ees 5(1-8) 

Physiological Chemistry 

Physical Training i 


SENIOR YEAR. 
Required Work.* 
Fall Term. 


Household Science 8a..:............0(3-4) 
Dietetics 
Physical Training j 


Winter Term. 


Household Science 8b.............. )5(2-6) ‘ 
Dietetics | 


or - | 
Household Art 7 }5(1-8) 
House Furnishing 


or 

Household Science 5 )5(2-6) 
Institutional Management 

Physical Training k 


Spring Term. 


Elective. 


* Fifteen technical credits will be required for the senior year. 
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COURSE OF STUDY FOR THOSE WISHING TO SPECIALIZE 


AGRICULTURE. E 


IN VOCA- 


TIONAL TEACHING. 


Freshman and Sophomore years same as regular course. 
JUNIOR YEAR. 
Required Work. 


Fall T erm. 


ElouseholqvAritaen as eens 3(1-4) 
Costume Design 


Household Science 3...... ..2(2-0) 
House Management 

Household Science 4.............5(2-6) 
Advanced Cookery 

JP ay eraloyzay MOOSE a Ba oa Maa ao oe 5(3-4) 
Anatomy and Physiology 

Haucationil ote eee oh 5(5—0) 


Physchology 
Physical Training g 


Winter Term. 


SPRING TERM. 


Household Art 2b 
Clothing 

Chemistry 21b 
Physiological 

Haicationglas ssmnrencs: 


eee es 


Home Economic Teaching 


Physical Training i 


. SENIOR YEAR. 


FF all Term. 


Household Science 8a............ 5(8-4) 
Dietetics 

*Household Science 7...........5(0—10) 
Problem Cookery 

Household Science 9... 5 ee. 2 
Practice Housekeeping 

I diucationva arse eee eee we ne 3 


_ Practice Teaching 
Drawing and Design9............ 
House Architecture 


3(0-6) 


HouscholdsArctvom sae meee hese 2(0-6) 
Applied Desien 

{Household ArtiOn. o> eee pee (0-6) 
Millinery 


Physical Training j 


ilouscholdeArte2a ce) reer eer 5(1-8) 
Clothing 

iMiousehold Science 25... ease ae 2(2-0) 
Home Nursing 

Chenustry 2larccn seen eee (eo) 
Physiological 

Hd mcation-2al see eee eee 5(5-0) 
Science of Education 

Physical Training h 

eens ae ea een ah 5(1-8) 

GENRES Se 5(1-8) 

HAL ee ABTS 5(5-0) 

Winter Term. 

Household Science 8b............ 5(2-6 
Dietetics 

liousehol dsAntinie cesta ete 5(1-8) 


House Furnishing and Decoration. 
Household Science 5............. 5(2-6) 
Institutional Management 
Physical Training k 


Spring Term. 


Household Art 8 
Advaneed Clothing 

tHousehold Art 9 
Millinery 


Household Art 5....... 


Applied Design 


Ei Gucationroen eee 


History of Education 


* Elective any term of Senior year. 
{ Elective either Fall or Spring Term. 


Se 5(0-10) 
Nyieuity ae 3(0-6) 
epee 2(0-6) 
ees ee) 


bi 5 


we ye = 


¥4 OA? eM prrs yay *t 


ee 
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There have been several changes in the instructional force of the’division 
during the year. Miss Winifred 8. Gettemy was appointed head of the 
Domestic Art Department to take the place of Mrs. Lillian L. Peppard. 
Miss Gettemy has had special training along the lines of applied art, 
color and design and interior furnishing and decoration andjhas been able 
to develop this work in a very interesting manner. A start has been 
made toward collecting permanent exhibit materials for classes in these 
studies. Miss Zella Bigelow, instructor in Domestic Art, has been on leave 
of absence doing research work for the National Board for Vocational 
Education. Mrs. Paul Miller and Mrs. C. E. Millar have taken charge of 
classes during her absence. Miss Anna Bayha was added to the staff of 
the Domestic Art Department at the beginning of the second term. 

Miss Hilda Faust was appointed Assistant Professor of Domestic 
Science and given charge of the work in problem cookery. A small re- 
search laboratory was started in connection with this work. This room 
is only partially equipped, but it is expected that additional equipment 
will be added each year’ as the work develops. The marked interest 
which the young women of the College have shown in this phase of the 
work and the excellent results obtained have been a gratification to all 
members of the department. : 

We hope to start during the next year a laboratory of mechanical 
household devices to be used by classes in household and institutional 
management. 

We regret very much the resignation of Miss Edna Garvin, Associate | 
Professor of Domestic Science, who has served the College so faithfully 
and efficiently during the past four years. Recognition and words of praise 
are due Miss Edith Casho, Mrs. Norma Gilchrist Roseboom and Miss 
Gettemy for the beautiful pageant produced on the campus at com- 
mencement time. Every one is delighted with the progress which the 
young women have made in swimming under the direction of our new 
instructor in Physical Education, Miss Helen Grimes. 

Miss Mabel Williams, who has had charge of the Senior House during 
the past two years, has been called home, and Mrs. Mildred Osband has 
been appointed in her place. Mrs. C. L. Lewerenz has had charge of 
the young women at Eunomian House and Miss Springstein those at 
Hesperian House. These houses will not be available for girls during 
the coming year, and Abbott Hall will again be used for a girls’ dormitory. 
Miss Eudora Savage is to take the place of Miss Annie Howard as Dean of 
Women. 

It has been a matter of considerable gratification that the work of the 
division has been so thoroughly and completely carried out during the 
past year. My co-workers were untiring in their efforts to make the year 
the best that young women have known at M. A. C. I desire to express 
my appreciation of their hearty spirit of cooperation and faithful service. 

To you also I am indebted for your thoughtful interest and cooperation 
in developing the work of the division. 

Respectfully submitted, 
MARY E. EDMONDS, 
Dean of Home Economics. 
East Lansing, June 30, 1919. 
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REPORT OF THE DEAN OF THE VETERINARY DIVISION. 


President F. 5. Kedzie, Michigan Agricultural College. 

Dear President Kedzie—I have the honor, sir, to submit herewith my 
annual report for the year ending July 1, 1919. 

The very unusual and disturbed conditions incident to the world war 
had their influence on college work in no small degree. At the very 
opening of the fall term students of the Veterinary Division, as was the 
case in other divisions of the college, were enlisted into the Student Army 
Training Corps. At that time fully eighty percent of upper class veterinary 
students were already a part of the United States Military Organization, 
having been inducted into the Medical Enlisted Reserve Corps during 
December of the previous college year and from which they were transfer- 
red in early October to the 8. A. T. C. 

Because of the large percentage of students previously enlisted 
various phases of army service, enrollment among the upper classes 
(as was anticipated) last fall fell far below preceding years characterized by 
a steady increase in numbers; also, the fresimen class failed to reach 
our anticipations as based upon the evident favorable opportunities ap- 
parent in veterinary fields but which, like other phases of college work 
had little influence in vocational selection during the past year. Our 
total enrollment fell approximately 50%. In spite of these conditions and 
though many of the class of 1919 relinquished college work to serve their 
country, the number graduated in June constituted the largest group of 
‘young men given the D. V. M. degree at a commencement period since 
the establishment of the division in 1910 and of the number over one half 
are planning to enter general practice. 

Now that conditions are slowly becoming normal enlisted men rapidly 
being demobilized and veterinary fields offering especially attractive 
vocational features we should, with proper advertising, look for rapid in- 
crease in student enrollment. In this respect the advertising campaign 
begun this year, though delayed in its fulfillment, should do much if 
continued for a few years toward attracting young men to the vet- 
erinary medical course at M. A. C. 

With approximately 207% of efficiently qualified veterinarians answer- 
ing their country’s call, 87% of the graduates of M. A. C. Veterinary 
Division entered military service and many, with rank, pay and allowances 
of commissioned officers, saw service in Europe within the Federal Veterin- 
ary Reserve Corps. 

The teaching schedule for the year was severely jolted at the very open- 
ing of the fall term. Under direction of the Surgeon General, United 
States War Department, whose office had taken over dictation of all 
phases of medical education for enlisted men, placed upon inactive lists 
to complete their studies, our published course was altered to facilitate 
adherence to prescribed work; inasmuch as the armistice was declared 
prior to the winter term, we were enabled to readjust a greater part of the 
work and finished the year with but sight deduction from regular courses. 

Though the need for properly qualified veterinarians threatened, in 
fact did make inroads upon the teaching staff of the division, the early 
secession of hostilities made possible a timely return and further enabled 
augmenting our staff by the engagement of Lieut. R. A. Runnells in the 
Department of Animal Pathology at the beginning of the present calendar 
year; Dr, Runnells graduated from the division in 1916. 
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Russell Alger Runnells, a Ist Lieutenant in the Veterinary Corps, 
entered the service July 12th, 1917 and served five months as Veterinary 
Officer for the Medical Officers Training Camp, Ft. Benj. Harrison, Ind.; 
three weeks on duty at the Surgeon General’s Office, Washington, D. C.; 
eight months at the Remount Depot, Camp Meade, Md.; four months on 
the staff at Veterinary Officers Training Camp, Camp Lee, Va. He was 
discharged from service January 6, 1919. 

James William Benner, 2nd. Lieutenant of the Veterinary Corps of 
Company 45, Battalion 12 was in the service from August 15, 1918 to 
December 20, 1918. He was quizz-master of Medical Officers Training 
Corps, Ft. Oglethorpe, Ga. 

Adding to the personnel of the Department of Animal Pathology made 
it possible for Professor Hallman to devote a large portion of his time for 
much needed research work upon diseases of the reproductive organs of 
breeding cattle; a condition having now a special significance incident to 
the rehabilitation period we are now entering upon and the demand for 
meat, milk, leather and breeding animals. 

On January first Dr. Hallman became connected with the State Agricul- 
tural Experimentation staff, his time and salary being adjusted to permit 

-of his devoting 25-27 of his energies to the research problems and 2-27 to 
teaching general pathology. This is a start in a field offering extensive 
opportunity for rendering valuable service to the livestock owners of the 
state; a field having many important phases for research work and animal 
disease control problems. Michigan with a sum exceeding $200,000,000, 
invested in its farm animals is essentially a livestock state and it is our 
desire to so augment the personnel of the Department of Animal Pathology 
as to facilitate its carrying on a disease control project and as I recently 
outlined in my annual communication referring to the salary budget for 
the next fiscal year. 

Research work of this character serves not only to improve our know- 
ledge concerning methods for prevention of disease; it educates the 
people on the economic importance of disease and in this will serve to 
reduce the present losses; equally so, it adds materially to the quality of 
student courses in the laboratory work of animal pathology. This work 
in laboratory diagnosis renders assistance to the practitioner helping to 
bring him and his profession closer to the college, which he will learn to 
look upon as a place to obtain assistance, information, technical diagnosis, 
and advice in treating or controlling disease. 

Besides the addition to the division faculty, we have taken on during the 
year an extra veterinarian, Dr. A. McKercher, practitioner of Lansing, 
with a view to extending our clinical training for senior students. Each 
afternoon since January first, two senior students have been assigned to 
this out-clinie work wherein opportunity has been afforded actual contact 
experience in general practice. While this temporary arrangement sup- 
plied a much needed feature and did strengthen the weakest phase of the 
course, the arrangement, we believe, was not without its shortcomings and 
can be much more advantageously developed from viewpoint of its utility 
to both college and students. As already recommended in my letter con- 
cerning personnel we feel a full time veterinarian ought to be retained to 
develop this out-clinic in cooperation with an internal free clinic and 
both should be available for educational purposes at all times. 

Judge Collingwood as on several previous occasions was prevailed upon 


82 STATE BOARD OF AGRICULTURE. 


to give a course upon veterinary jurisprudence; the work was characterized 
by its usual excellence and added materially to the high standard of the 
veterinary course. 

While considering the work of the several departments I cannot em- 
phasize too strongly the fact that, though undertaking to provide an in- 
crease in the animal pathology work, there still exists limitation both in 
its development in that of the department of veterinary anatomy because 
of inadequate housing facilities. It is one thing to establish and to under- 
take to develop a veterinary college, to consistently equip the same with 
apparatus or other working tools, but we must insist withal that a division 
can be no stronger than the weakest of its component parts; the college 
is stagnating at this moment for need of a suitable building to house these 
allied departments. 

The division at this writing has as component parts departments of 
medicine, animal pathology, veterinary anatomy and surgery; we are 
convinced that for efficient teaching on the related subjects of veterinary 
physiology, materia medica, poisons and treatment of disease these sub- 
jects should be included under the direction of one head, trained in 
veterinary physiology and the physiologic, toxicologic and therapeutic 
relations of medical material to animal medicine. To carry this to frui- 
tion we recommend creating within the division a department of veterinary 
physiology and pharmacology and appointment of veterinary physiologist 
to develop this work. This suggestion like the preceeding is urged at this 
time because of our knowledge of increasing responsibilities coming to 
State colleges. 

The progress in the science of veterinary medicine has been characterized 
by a steady demand for an increase of the basic entrance preparation and 
an increase in the length of the course of study. Though this institution 
has consistently maintained a fifteen unit entrance requirement and out- 
lined work covering four years, it has been in a class by itself; it is only 
within the past two years that all veterinary colleges were placed upona 
four year basis. Many of the former privately owned veterinary 
schools forced into a period of depression by this extended course re- 
quirements are now obliged to discontinue as a result of the recent war 
and elevation of entrance requirements as demanded both by the eligibility 
requirements of the American Veterinary Medical Association; the War 
Department of the Department of Agriculture; others are seriously con- 
sidering this step and the State controlled schools will find it incumbent 
upon them to supply the future essential veterinary material. 

At this time it is fitting to make public acknowledgement and expressions 
of appreciation of the gift of Dr. T. G. Himbaugh, a former graduate of 
the Agricultural Division of this college, of his entire veterinary library. 
The volume constitutes a fitting nucleus for a future veterinary library 
in the veterinary division and one we would suggest be called the Him- 
baugh Veterinary Library; may hope to see it added to and made available 
and valuable at all times for student use. 

Besides the most efficient and appreciated work incident to training 
veterinary students, members of the veterinary faculty have engaged 
themselves with instruction to both groups of short course students in 
agriculture, to the junior and senior classes in the four year 
agricultural course; in summer school and one farrier school _unit assigned 
to this institution by the United States War Department for instruction 

n shoeing an equine anatomy. A second unit was scheduled for November 
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15th but called off at the time of the armistice. The Department of the 
division took part in the exhibit prepared during the winter for Farmers’ 
week; have sent representatives to institutes and other gatherings of stock 
owners, and, as heretofore, continued the rather extensive correspondence 
with stock owners, county agents and others; a most important and time 
consuming item but one well worth the attention given it. 

In closing permit me to summarize recommendations herein embodied: 

1. Engagement of an all time veterinarian to develop and direct an 
out-clinie for here as with instruction in anatomy and pathology, we must 
give the men such teaching as to enable them to acquire knowledge of 
the diseases themselves. 

2. The development of a department of veterinary physiology and 
pharmacology. 

3. Addition of an extension man in animal pathology. 

4. A sum immediately available of $50,000 for the erection of a 
laboratory suitable for the relative work of veterinary anatomy and animal 
pathology. 
Respectfully submitted, 

RICHARD P. LYMAN, 

Dean of Veterinary Medicine. 


Kast Lansing, June 30, 1919. 


REPORT OF THE DEPARTMENT OF ANIMAL PATHOLOGY. 


President F. 8. Kedzie, College. 
Dear Mr. Kedzie—I herewith submit report of the Department of 
Animal Pathology for the year ending June 30, 1919. 
The class work for the following year is as follows: 
Pathology 1....Fall term... .10 hours week. .21 students. 


Pathology 2a...Fallterm.... 5 hours week. .15 students. 
Pathology 2b...Spring term.. 4 hours week. .15 students. 
Pathology 3....Spring term.. 5 hours week. .15 students. 
Vet. Sci. short course 8 wks... .10 hours week. .21 students. 
Pathology 100 Graduate course, major....... 1 student. 


The department was unfortunate in losing the services of Dr. D. J. 
Lamoureaux whose untimely death occurred February 27th following an 


attack of influenza. Dr. Lamoureaux was devoting one-half his time to 


i] 


abortion investigations and one half to college work and the loss of 
his services was keenly felt. 

Dr. R. A. Runnells was added to the force January 12th. Dr. Runnells 
is devoting his entire time to instruction work and the routine examination 
of tissues in autopsy work, thereby enabling the writer to devote the 
major part of his time to investigational work. Before Dr. Runnells was 
added to the staff the writer’s time was almost wholly taken up with in- 
struction work and routine laboratory work and very little time was avail- 
able for investigational work. : 

However, it is gratifying to note that something has been accomplished 
with reference to his researches in the nature of treatment in the sterility 
in cattle. It has been the writer’s privilege to meet with groups of 
veterinarians in various parts of the state during the past year and to 
lecture and demonstrate the treatment for the sterility in cattle. He 
has also visited four other states and Canada to meet with their state 
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veterinary associations to discuss and demonstrate this work. During 
the past year five manuscripts with reference to abortion and sterility 
have been prepared for publication. 

During the year we have performed autopsies on 228 animals. Among 
these we have recorded the following: 


Postmortem: 36.07 bee hee re oe a ee 
Intususception of small intestine, horse................ 1 
Crawmatic¢yeastribis:\COwe.e: ..o.. cts fo. ae See ee ee 1 
Traumatic abscess (Hilum of liver), cow.............-. 1 
Gastro-enteritiscalitctans. oc. tt cee an 1 
Omphalosphlebitis, callin. cs \caks ere oe Soe Cee eee 1 
Acute gastro-intestinal intoxication, calf............... 2 
Strangulated-Umbilicalshernia, calles. 2:42 425.225 ee 1 
Lobar-pneimniro nigecallie yk eons a. tl ne ee gen 2 
Forage poisoning. calil ex... ieee ee ee A eee Ls 
Intestinal helmimthiasis-sheepece2o a.i6 oye ee oe eee 3 
Abscess of medulla -sheep vee x ace o ee eae 1 
Horace; poisoning sheep, Aes aoe a ee ee eee i 
isobar pneumonia, sheepasn <<2ba\27 eos ee ore i! 
Abscess Oiccerebrum: “Shee pin. -330 a8. erent cue 1 
Necrobacillosis#lambra7 Saute mc ae ere ee ee 1 
Acutesenteritis, lambs e-teke: gly cos cence ear ee ed ee 1 
Diagnosismot made ssheepiws ean ei ees ee 1 
Intestinal ebelminthiasis shoes. ses oe sean oe ee 3 
Pneumonia, Mogens. ese See ee eee ee 6 
Acute pericarditis and pleuritis, hog................... 1 
Hog: cholera whog sas. s2.8 iter aed oot ee eee 3 
Cirrbosiseidemavot lunes shor as east eee eee ie 1 
Casecous pneumonia, shoe. pene). om cece eee ee 1 
Septicemuia thos ye eek oe er eee ee 2 
Acute gastro-intestinal intoxication, hog............... 4 
Digenosismot made shoe. cma. cGra pee eee 1 
Postamorbem noe Scene eis er oe eee ee ee ee 1 
Occhustonm-of bowels;d0g a. ncasac. ones nt eeee 1 
Acute stomactitisand pharyngitis d0ts-\-2 ss n= 1 
Catarrhal gastro-enteritis, acute pancreatitis, dog....... 1 
Canine distemper, dog: vs set et teh ee ee: eee 1 
Wincinariasis »dOe sexy i oe) ek aan eee ee ere 1 
‘uberculesis,<chickent .. os. a6 aos eee eee Oe eee 20 
Dietary trouble, chicken....... Dit Ad a Meet Re are oe ee 1 
Diphtheria, Chicken eters oct sels Mee ee a ee ee a6 
Alveolar sarcoma (ovary and oviduct), chicken........,. 1 
Goccidosis,chigkenacy 2< ecg cities 2s ete eee eee eee 8 
Ulcerative pharyneitis.¢hicken- 26. po os Aen. a eee 1 
Darconaa (paneress)) sc mieken: says pen ees ae | 
Intestinal helminthiasis chicken ==. 200) eee te 2 
Acute hepatitis; Chickene. 44: ote eae ee eee ee ee 5 
Pibrinous)peritonitis;;chicken 4. ye ee 1 
Sarcoma (metastatic). ~chicken, 5-0. emer nes 1 
Catarrhal enteritis:(Guinea then) 32 5).274.0- 0272. h at. il 
Nyihitexdiarehen we hicken psn) eee ie yt en a 6 
Rupture! Oviduetvehicken pence one aa. e aeat cons cae 1 


Bursted egg in oviduct, chicken,...................... 1 
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Sarcoma (kidney and liver).chicken..:................ 1 
Sarcoma (intestines and ovary) chicken................ 1 
DinenosistiMii Ade tee ee eee see Se SY 4 
uni ubed scomachs TabOibeseye ts eas ee eo Le 1 
SOCCINIOSIS| PADDLE ws ee oe ee cers ns ee ste 2 
Mange yoatcoptic: SQUIThel 8 Se. oes ea cee tee oS es 1 
Rraiie Goon ACute INGISESIION 6.5 oocc\c eels te 3 Siac hs +. i 


We have received 120 specimens from diseased animals forwarded by 
veterinarians and farmers. On account of poor packing and improper 
methods of preparation much of this tissue reaches us in such a condition 
that a diagnosis cannot be made. Out of this material we have recorded 
the following cases. 


Tissue Examined. 


Carcinoma of membrane nictitans, horse................ 1 
SiroMeylosisHOrse.:can ver ee eta ee ine, tee tome 1 
HOTA Ce OISOMIIe HOMSCRese. tra cei ho. nee het in ere ee 1 
brome adem sWOrde: 4 ssccae ree ae are ths, encase i! 
Cancinomar (Gall MOTSeape an as 2 eee eee oe eee - 1 
Ciremyositas, (shoulder) horse: 2.5 tek. ee 1 
Milam OPSet tes tic. cce sooo ee So cae ea eee re ee re Gee 1 
Test for hydrocyanic acid, cow, negative................ 1 
Hemorrhagic septicemia, cow, negative................. 6 
Hemorrhagic septicemia, cow, positive................. 6 
SAECOMSOrdUng “COWrnee. ha a a ee 1 
PEUDErCulasis, COW, NEZALIVE. 625 SAS yc. het cree ois 3 3 
‘Luberewlosis; COW, POSIUIVes «sist see Ss Ate os SS ws ik 
Tissue Examinations. 

Rehm GMid COW: 5 oe eee Nie as ee ee weer 2 
Blackie cow, Negatives. of hee woth it eos oe As | 
Blackslee. cows DOsSwblVeGcs 5. om eke os eee os ea eas if 
UO CATON COW ee rae inse ols a Oe a Sag es aa 1 
NuUppurative MASEILIS, COW: -+. 3 4.042-2-. 28 22 wee ee - Seat | 
Wecrobacilosis:: (liven) COW... ./62 o2lse ato. ies. Se 1 
Suppuratvedermatitis COW 2+. ..- s.4. 0.2 dees oe 2 se: i 
INCLIMONTY COSISs COW se. 5 2 Anh one Pao ae < Esch as satel is. - 3 
DIVO fi POMIA, COW cerns 2 hare pa een cee ey hes wt 1 
EMM GLW OTM COW ; MELATIVE. - 2 25..4 rencere Mees ks Seale 1 
Wlcerative stOMmaAbibisncOW:, . Sanne ee Se ees * 1 
Welano: sarcoma, COWis 2k. n wise aek nies 630-6 Sedo ae 3 ie 
PRB SINIA SIS SMCED xx x1 Mercere ht s1ot se ale a aye eS he 1 
Wodulediscase;Sheep) sis s)c. so stndiis sas Sebo les a’ 1 
Beales e SMOG Pee. orien wae eat rae pM cata eee eet ss 1 
Intestinal helmithiasis» sheep sc. <....84 {fin . se. ee 1 
PEM DELCULORIS MOMr Lon Ace Spee) Se eel arc Sinn aig, dag fas 1 
Nerminouspneumonuiawhogey 22! os ess. Sk. SS 2 
ioe cholera: Nor DOSstthVe fan. 408 co hs ou eee ss seal 1 
SE PLUS OO ee y Peis ok Sea el ee a Me es 1 
eHIMOnIA NOR tater tas coe oes thine seas, oS Woe ey tenes 3 
Hp RO-SAT COMAs CNeCCK) MORI 4 ots BAY sw Gla ei nave ge the 1 
roma (leg) NOG a ee ek hs oa Fd by ae ee ee 1 


Cascous pMecumonia. NOM). 258 hoi eich is noe ee a tee Se 1 
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Sarconia.(pleurs,) hog. (osen «4, Sabre ary cee te eee 1 
Nodule disease hoeytsaci eric ar Cente cee ee eee 1 
Rabies, dog, negative SPM tHe Lerten Ate ees cod 2 
Carcinoma, Gnammary cland ders eres on Ae | 
Adeno-carcinoma, (mammary gland) dog............... 1 
Demodex mange; ‘dog. positives, 5,-0.1 ee ee en oe als 1 
Demodexmanve; dogsnevative.iwa.as eee eae 1 
Abcess ofneadehicken: . 4.2.5 ee ee eee 1 
Duberculosisehieken:s0.= 4 .-2. leet = ae ee Tekan ee 6 

: Yours very truly, 
K. T. HALLMAN, 


Professor of Animal Pathology, 
East Lansing, June 30, 1919 


REPORT OF THE DEPARTMENT OF ANATOMY. 


IF. 8. Kedzie, President, Michigan Agricultural College. 

Dear Sir—I herewith submit the fourth annual report of the Depart- 
ment of Anatomy for 1918-19. 

As usual the work of the department has been largely that of teaching 
and while classes have been smaller in numbers they have also entailed 
greater irregularities, these conditions are largely due to the reaction of 
our participation in the war especially that of the Student Army Training 
Corps. 

The irregularities caused by men leaving and returning both in the 
National army and the §. A. T. C. we have gratefully accepted this in- 
convenience as some of our part in the great war, also as supply instructors 
in other lines of work due to the absence of Dr. Benner and sickness 
among the faculty. 

The following table is self-explanatory and shows the distribution of 
instruction only: 


: Total 
Subject. No. of Credits. | Lectures. | Laborat’y | teaching 
students. hours. 
Summer School, 1918: 
Aa tOmyalatevyse ace cote est etien sie 1E 4 24 72 96 
Ana tomyplD eee cee acess = Fee ero eet 43 3 12 72 84 
TAC WID pl Oy ee nee tered uocaashercionde Hon seo onion ea 1 4 12 108 120 
DATING OMY FOG: Sek neces he is rapa a oesaaee eeeteot tee te eee eal 5 4 12 108 120 
INTE ty e2| ope Se ane eee Se ROM toeaLS meni aEractSam teens 5 4 2 108 120 
6 weeks. 
Horseshoers School, 1918: 
Hippologynces me see eae alain cna hele Mila Nelieuisastis 25 ar AGSe alert ces 24 2. 
Accompanying detachment to constabulary............-...... 7 AR ee oo Saber es Soe eee 24 2 
6 weeks. 
Fall Term, 1918: 
INI) ae aettn Aa Cnbcn ARBOAOa De he SOU pA ACOOS OG OD eRe DasOr 9 4 22 66 88 
FANEUIL PEE eon cea ak ot Wane Goneae sooo so bosls OE oBpEBane 10 4 11 99 110 
PA TIA COTY crete ere eh oe er eae ie oe riobarcis craiticlele pacsheteiane 11 3 22 33 55 
Si ak Ua tae pale eh SOO eS Ges S Ao Beno BE OTe ses 18 yd) le le 44 44 
11 weeks. 
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F Total 
Subject. : No. of Credits. | Lectures, | Laborat’y.| teaching 
Students. hours. 
Winter Term, 1919: 
Pie GRIT VMUC Ete fois cols (eres Crete) Orove cic soos crebo™ eislerajareietnve cfe' she sate 1 4 11 99 110 
“MTU OTINT Dae ak RI Hr tr ae I eee Grieg MARA Ree ae 1 4 11 99 110 
Sp TES IG TREN Dee VOSS oe a i a alee ba eh ae ee ge 8 3 11 66 77 
PRIS TCNIINV RD epee oe = cies Fs careke Shs Sac s a hale oe eee eas ll 4 11 99 110 
WRTESR ERIN eSh ate cash ee cacao rarh oi tialatobersto sievale mie Neihavele a aniehsvom tle we 13 4 22 66 88 
1 STO UTIER? 22D SEE En eT OE DIE ea Ete eee 4 3 11 66 77 
11 weeks. 
Spring Term, 1919: 
PPMALOMY, LC z).,c\a. 5/0 ow :aiactos ce oe Bete atal ove Revere io Saeco lw ee 8 4 11 99 110 
LATED oe ok aR SIRO OCC RA Sb OOD SPC SOC OR ac eee cee 8 3 11 66 77 
RUAEOMDVZOD HCC Lincs 5 See raryer eae eRe Ta tisk ate miami stasis 2 4 22 66 88 
JST TATION? B) 0) 612] ia Zen Re ier Sage ee Be RPS Ce 6 4 22 66 88 
11 weeks. 
AepralGehobaleemi terse Met pesie ec haters sistas Hiatectee a earache s 176 69 270 1,550 1,820 


This year two women have taken Anatomy la and 1b (Histology). 
The department approved of opening this course as an elective to the 
women of the Home Economics Division especially those students plan- 
ning to go into health work or teaching physiology in the public schools. 

Dr. Johnson has utilized most of his forenoons during the winter 
and spring terms in laboratory technique, making slides for class work. 
Also Mr. Dwyer has been employed 215 hours on the above work. 

Following the trend of veterinary medicine which is now of a more 
comparative nature, more attention should be given to comparative 
study. This line of work we have well developed in gross anatomy 
but not so well in microscopic anatomy since a great amount of time 
is necessary in making slides of all tissues and organs of all our domestic 
animals, much time is needed to develop a comparative text covering the 
microscopic work for the students use. 

In former reports attention has been called to the inadequate quarters 
for housing the anatomy department, the condition still exists while the 
need is growing upon us, with the evolution of veterinary medicine, more 
attention being given to the food animals. We find the procuring of 
dissection material becoming very difficult, thus adequate quarters for 
a comparative museum for the preservation of permanent dissections and 
models and. storage for dissection material that we may have it when 
needed and proper room, student and private to carry on the work are 
essential to the full accomplishment of the anatomy department. 

I have called your attention to the efficient manner that Dr. H. E. John- 
son has rendered his services to the department and veterinary division 
in a recent letter on personnel. I recommend that he be retained. 

. Yours very truly, 
F. W. CHAMBERLAIN, 
Professor of Anatomy. 
East Lansing, June 30, 1919. 
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REPORT OF THE DEPARTMENT OF SURGERY AND CLINIC. 


President Frank 8. Kedzie, M. A. C. 

Dear Mr. President—I hereby submit my second annual report of the 
Department of Surgery and Clinic for the fiscal year ending June 30, 1919. 
The recitation and laboratory work has been entirely handled by myself 
except four laboratory hours in Surgery 1, fall term, which was handled 
by Dr. Chamberlain and Dr. Johnson. 

The instruction work for the year is given in the following table. 


TEACHING WORK OF DEPARTMENT. 


Fall Term, 1918 Winter Term, 1919. Spring Term, 1919./Summe rSchool, 1918. 
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Names of disease. 
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Wound, lacerated.... . Bee Se St alga Ry Ae 22 LOM cee 2 3 Tea aaa ell ee Steer 38 
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Wound incised steams icawer at icc: foe eras tan 4 Dh ate Shs | roe ee 3 LOS) cherie rad tacero crete 10 
Woli-toothextrachianiy stoves tte ae tee eee cree 10 dt aec Asal 2 ee Sas SR eel Beene, ne oe | Mea ate 10 
Moy EA See aS hanes LN Pe ie se nS ae 401 255 249 4 134 28 ye See 1,075 
"i t 
Below isa tabulated report of the medical clinics for large and small animals treated from October 1, 1918 to June 14, 1919 
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Hydrocephalus senses eer cee cere ome ee Oa Sa ic | Were | eres Neer LP eh ery oR (ca 2 
Heatstrokets: sos satocce mee heen a etre tin ae Diy \iacarearen| (atte aie recone ml Meth Sacer cee | oe a 2 
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PHEUMONI aos creo eb eeraa wel eer eae ee 3 7 1 3 Ape tere ol Re mia 1 
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Leigouie ylang AS). ane cuee co ad an soosdaAandege oc 1 ee ie | ee ee Meee be tre] [Rend | eet l/c 
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IPhehiniasisy (1. yee wise tether ene mit eee Te 6 7 Mes pearoe| Penta eal Wee Pers Pen lererere Oe ae oe 1 
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You will note from the tabulated report of the medical and surgical 
clinie for large and small animals, that the amount and variety of clinic 
has been far greater than we have ever had before. This increase is due 
in great part to the fact that the services of Dr. A. McKercher, were se- 
cured on January Ist, to conduct an ambulatory or outside clinic. 

This ambulatory or outside clinic while entered into as an experiment 
has proven a very great success. Last year the total number of medical 
and surgical cases treated in the clinic was 698. This year the total num- 
ber of medical and surgical cases treated is 1,860, a total increase over 
last year of 1,162 cases. 

The outside clinic is a very valuable addition to the course of instruction 
in veterinary training. Here the student not only comes in contact 
with a much greater number and variety of cases, but he also learns how 
to meet and handle people, which is a very important thing to know in 
order to make a success as a practitioner, or in any other line of work which 
he may take up after completing his course in college. 

I sincerely hope and want to urgently request that arrangements be 
made whereby the services of Dr. McKercher will be retained to conduct 
an outside clinic for the next school year. 

Respectfully submitted, 
J PoHULTON: 
Associate Professor Surgery and Clinic. 
Kast Lansing, June 30, 1919. 


REPORT OF THE DEPARTMENT OF BACTERIOLOGY. 


President F. 8. Kedzie, 
Dear Sir—As we make our annual report to you this year, it is with 

a deep sense of gratitude that the department feels its share in the joy 
that has come to us all through the termination of the world’s strife. It 
seems hardly possible that we are now nearly back again on a pre-war 
basis after experiencing such a complete involvement in the country’s de- 
mands for men. From our staff during the war, we furnished men as fol- 
lows: 

H. F. Stafseth, 1st Lieutenant, V. C., Camp Custer. 

J. Frank Morgan, 1st Lieutenant, 8. C., A. E. F. 

L. H. Cooledge, Ist Sergeant, S. C., A. E. F. 

I. F. Huddleson, 1st Lieutenant, 8. C., A. E. F. 

C. G. Nobles, 2nd Lieutenant, S. C. 

F. W. Fabian, 2nd Lieutenant, 8. C. 


92 STATE BOARD OF AGRICULTURE. 


Robert L. Tweed, Private, M. C. 

Gerard Dikmans, Private, 8. A. T. C. 

L. R. Jones, Red Cross and U. 8. Public Health Service Extra Con- 
tonment Sanitary work. 

C. W. Brown resigned to enter practical agriculture and Robert Penner 
experienced caretaker, died in the spring of 1918, probably of influenza. 
Also we lost by death from influenza, Dr. D. J. Lamoureaux, who was 
assisting in the laboratory temporarily on account of the loss of our re- 
search men to the army. 

Dr. Stafseth, Mr. Cooledge, Mr. Fabian and Mr. Dikman have re- 
turned and have resumed their duties. Mr. Nobles returned in January 
and resigned April first to engage in farming in New York State. We 
have engaged Robert Snyder, Ph. D., (Cornell) (B. S., M. A. C. 714) to 
take up the work with nodule-forming bacteria formerly carried on by 
Mr. Nobles. During the war, Dr. Snyder was in the Medical Corps of 
the army stationed at the Army Medical School, Washington, D. C., 
engaged in the manufacture of vaccines for soldiers. 

A record of the activities men who served follows: 

H. F. Stafseth: Drafted into the national army November 21, 1917; 
began active service in Supply Company, 329th Field Artillery, November 
22, 1917; transferred to Veterinary Corps, 85th Division Headquarters 
Detachment December 5, 1917; promoted to Sergeant Ist class, March 1, 
1918; transferred by own request with Remount Depot No. 320 May 15, 
1918; promoted to Second Lieutenant, V. C., July 2, 1918; ordered to 
duty as assistant veterinarian at A. R. D. No. 320 July 9, 1918; promoted 
to First Lieutenant September 26, 1918; honorably discharged February 
8, 1919. 

J. Frank Morgan: Commissioned First Lieutenant 8. C., February, 
1918; reported to Fort Leavenworth, Kansas and later to Camp Kearney, 
Cal.; went overseas with the Sanitary Corps in October; attached as 
instructor to A. E. F. University at Beaune, France; at present casual 
officer, 8. C., St. Argnan, France. 

L. H. Cooledge: Enlisted in Medical Department U. 8. Army, February 
4, 1918; assigned to Base Hospital Laboratory, Camp Greenleaf, Fort 
Oglethorpe, Ga. for training; ordered to Camp Gordan, Ga., June 1, 1918 
for duty with Base Hospital 52; ordered overseas July 1, 1918 with Base 
Hospital 52; senior non-commissioned officer laboratory, Base Hospital 
52 until discharged from service May 14, 1919. Stationed at Rimecourt, 
Haute Marne, France. 

I. F. Huddleson: During October and November 1917 in Red Cross 
laboratory work at Manhattan, Kansas; in February 1918, enlisted in 
Sanitary Corps of national army; stationed at Camp Greenleaf, Fort 
Oglethorpe, Ga., until July when he was commissioned Second — Lieu- 
tenant, S. C.; transferred to Rockefeller Institute, New York City and 
then to Camp Crane Allentown, Pennsylvania September 27; went over- 
seas October 27, attached to Evac. Hosp. 37, A. E. F.; after the armis- 
tice he was in Coblenz engaged in guarding the water supply; commis- 
sioned in 1919, First Lieutenant; still overseas with the army of 
occupation. 

C. G. Nobles: Enlisted in the Sanitary Corps June 1918. Stationed 
at Camp Leavenworth, Kansas and later at Yale Army Laboratory 
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School, New Haven, Connecticut; commissioned Second Lieutenant 
November 1918; discharged from service January, 1919. 

F. W. Fabian: Commissioned Second Lieutenant, Sanitary Corps, 
September 12, 1918; reported for duty at Yale Army Laboratory School, 
New Haven, Connecticut, September 22, 1918; on duty at Yale Army 
Laboratory School, New Haven, Connecticut from September 22 to 
November 12, 1918; ordered to Camp Crane, November 12, 1918; 0n duty 
Camp Crane, Allentown, Pennsylvania, from November 12 to December 
18, 1918; discharged from service December 18, 1918. 

Robert L. Tweed: Enlisted in Medical Corps December 1917; stationed 
at Camp Lewis, Washington, D. C.; attended Officer’s Training School but 
discharged for physical disability; now in Department of Publicity, 
Surgeon’s Office, Washington, D. C. ; 

Gerard Dikmans: Enlisted in the M. E. R. C. December 22, 1917; 
remained on in active duty until October 10, 1918; transferred toS. A. T. 
C. on October10, 1918; discharged on December 21, 1918. 

We who were not fortunate enough to get into the big work at or near 
the front played our little part at home. Miss Northrup, Mr. Reuhle and 
Dr. Hallman maintained the research problems unselfishly and productive- 
ly and they were always alert to turn from their investigations to assist 
in the matters of current and immediate need. Mr. Mallman did double 
service in maintaining the laboratory courses and in otherwise making 
the absence of his associates less destructive to the departmental pro- 
gram. During the summer and fall terms we had with us Lieutenant S. N. 
Lord, three years with the Canadian army in France and in British Hos- 
pitals. He assisted greatly in maintaining the courses in pathogenic bacter- 
iology and also in the supervision of a diagnostic laboratory for the S. 
A. T. C. during the influenza epidemic of the fall term. During this epi- 
demic, we virtually turned our resourses over to the army medical de- 
partment, supplying hospital facilities to our limited ability, laboratory 
diagnostics and mortuary. 

We also participated in the instructional work of the 8. A. T. C. teaching 
Military Hygiene. In spite of the great drain made upon our student 
body by war activities, our force of instructors was kept more than busy. 
The following is a summary of the number of students taking the various 
courses: 
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Winter Term 1919. 
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The student-health situation has not assumed a more satisfactory 
condition during the past year, either as regards a system of student 
health control or as regards our freedom from disease. The Influenza 
epidemic is something we might not have avoided even with the best sys- 
tem. That, of course, is debatable, but there can be no question about the 
fact that we lack a good system of student health control. 

On January 17th, I received from your office the following: 


“MEMORANDUM OF AGREEMENT RESPECTING THE FUTURE 
ADMINISTRATION OF THE COLLEGE HOSPITALS. 


“J. On advise and recommendation of Dr. Giltner and acquiesced in 
by all concerned, Dr. O. H. Bruegel, Health Officer of East Lansing, has 
been appointed Medical Officer for M. A. C. at an annual salary of $1,200 
for services embracing the calendar year ending September 1, 1919 and to 
be renewed thereafter in a manner similar to the renewal of contracts 
with other officials and employees of the college staff. Dr. Bruegel’s 
services embrace the following: 

“a. Heis to diagnose all cases of illness among college students to which 
he is called and to determine upon their removal to the hospital. 

“b. He is to be the Medical Superintendent of the college hospitals 
and unless another physician is requested by the patient, it is understood 
that Dr. Bruegel will be in charge of the case. His services, however as 
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such physician are to be paid for by the patient in addition to the hospital 
charge referred to in another paragraph. The collection of this physician’s 
charge will not be undertaken by the college. 

“ce. Dr. Bruegel as Medical Officer of M. A. C. will assist where 
needed in the phy: sical examination of all male students without additional 
remuneration. (?) 

“d. Dr. Bruegel, consulting with the President will employ and dis- 
charge all nurses needed for the hospitals: 


HOSPITAL MANAGEMENT. 


“1. As heretofore, the general care of the hospitals is placed in charge 
of Dr. Giltner as head of the Department of Bacteriology and Hygiene. 
All necessary supplies are to be obtained by the usual requisition issued 
through his office. This includes material of every kind and nature for 
the maintenance of the hospitals. 

“2. All necessary accounts including (a) time and pay roll of nurses, 
(b) date of admissions and discharge of patients, (c) bills for hospital 
services given patients shall be handled in Dr. Giltner’s office and shall 
be transmitted to the Secretary’s office for collection at proper intervals. 
It is understood that immediately upon the discharge of a patient from 
the hospital, the Secretary’s office shall be notified so that means for the 
collection of hospital fees may be taken. The charge for hospital at- 
tendance in ordinary cases which includes nurse’s attendance, food, etc., 
shall be ten dollars ($10.00) per week per patient.” 

In spite of an effort to carry on matters under the direction of this 
memorandum, I fail to find in the college catalogue for the ensuing year 
any mention made of student health supervision. It seems to me that 
this is very unfortunate and leaves the college authorities open to severe 
criticism. 

After consulting with Professor Brewer of the Department of Physical 
Education the following recommendations were drawn up by Professor 
Brewer for a health service for the Michigan Agricultural College: 


I. Adminstration. 


a. Creation of a committee to formulate and carry our policies, this 
committee to consist of: (1) Professor of Department of Bacteri- 
ology, Hygiene, and Pathology, (2) College Physician, (8) Dean 
of Women, (4) Director of the Department of Physical Training, 
(5) A fifth member appointed by the president. 

b. A small fee of fifty cents or one dollar per term to be collected 
from each student and to be known as “Health Service Fee’. 

c. A fee card issued to each student entitling him to free medical 
advice, hospital service, and medical service, except for major 
operations and major illness, while he is a student. 

d. Employment of a trained man to be known as ‘‘College Physician” 


II. Activities and Responsibilities. 
a. Physical and medical examination of every student as soon as 
possible after entrance. 
b. Re-examination as often and as many times as seems best for 


all “Correction Cases’, as indicated by first examination, 


h. 
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One or two hours each day when ‘‘College Physician” will be in 
physicians office in gymnasium for purpose of giving free medical 
advice to any student. Some arrangement for regular time in 
women’s building. 
A graduate nurse in connection with college hospital, who will 
give free medical advice or help to any student at any time. 
Compulsory medical attention. (A student not able to attend 
classes automatically and immediately comes under authority 
of “College Physician” and ‘Health Service Committee’). 
Authority to prescribe physical training work for one, two, 
three or four years as particular individuals or groups show 
need. 
Compulsory corrective work by Department of Physical Train- 
ing for all “‘correction cases” 
A series of lectures on general health, health education, exercise, 
public and personal hygiene, ete., to be given to all freshmen 
during the first two terms, these lectures to be given jointly by 
the Department of Bacteriology and Hygiene and the De- 
partment of Physical Training. 
Responsibility for ventilation, sanitation, general hygienic con- 
ditions of all class rooms, buildings, laboratories, shops, dormi- 
tories, boarding clubs, kitchens, (including help), on college 
grounds. 
Authority over living conditions of all students on or off campus. 
Authoritygin case of epidemics, contagious diseases, etc., both 
as to individuals and the college community as a whole. 
Authority to remove from the institution or prohibit from the 
use of any utility facility, of privilege such as boarding clubs, 
toilets,. gynmasium, ete. of any individual with venereal dis- 
ease or infectious disease, dangerous to the student body. 
Authority over anything that may come up from time to time 
in case of the individual student, a group, or the college as a 
whole, that has to do with the health or health education either 
of the individual or the group or the college. 


These recommendations with or without modifications as the policies 
of the college may demand meet with my approval and I recommend 
that they be adopted and put into force at the earliest possible date. 

The number of cases that have been handled in the college hospitals 
during the past year and the financial report covering hospital activities 
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Throughout the year, tests were made by Mr. Mallman upon the water 
of the college swimming pool at intervals of three days. The increase of 
bacteria has always been very rapid notwithstanding the fact that the 
water was filtered for at least 12 hours every day. Apparently, the filter 
has not been working efficiently. Work is now being carried on to find 
the cause of the trouble. 

In conclusion I wish to recommend very highly the efficient and energetic 
services of Mr. Fabian and Mr. Mallman in charge of the student labora- 
tories and to express my appreciation of the raluable assistance rendered 
by Mr. Reuhle in taking full charge of classes in dairy bacteriology andby 
Miss Northrup who has always been in readiness to fill a vacancy in the 
class room. Dr. Stafseth has rendered noteworthy service in the classes 
studying pathogenic bacteriology and immunology. Mr. Lutz and 
Mr. Klever have beenvery faithful in caring for the stock room and the 
building and equipment. 

Respectfully, 
WARD GILTNER, 
Professor of Bacteriology and Hygiene. 
East Lansing, June 30, 1919. 


REPORT OF THE DEPARTMENT OF BOTANY. 


President F. 8. Kedzie, College. 

Dear eben Kedzie—I have the honor to make the following report 
for the Botanical Department for the fiscal year ending June 30, 1919. 

Owing to conditions resultant from the war, the botanical staff for 
the past year has been smaller than in the preceding years. Mr. Harry C. 
Young was transferred to the Experiment Station staff beginning July 
1,1918. Graduate Assistants C. W. Bennett and C. F. Murphy were both 
on leave of absence for military service, at the beginning of the fiscal year. 
Mr. Bennett was discharged from the army in December and returned 
to the College on January Ist. Mr. Murphy did not receive his discharge 
until April and found it necessary to resign in order to accept a position in 
the U.S. Department of Agriculture. 

The department and the College suffered a great loss by the death of 
Miss Rose M. Taylor on December 5th after a very short illness from 
Influenza. Miss Taylor began service in the department at the beginning 
of the winter term in 1909, and had thus completed all but a few weeks of 
10 years of service. She was always an exceedingly able instructor who ob- 
tained the best from every student. Her training was excellent and she 
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continued her studies while connected with the College, so that she was 
entrusted with the course in Forest Pathology and some other courses, 
conducting the work with great credit to the institution. 

The two Graduate Assistants who were absent on military service re- 
mained in training camps in this country during their entire service. Mr. 
Bennett was at Fort Adams for several months, and then was sent to the 
Officer’s Training Camp for coast artillery at Fortress Monroe, from 
which he was discharged after the signing of the armistice, about four 
weeks before his commission was due. 

Mr. Murphy was for practically his whole period of service at Camp 
Lee, Petersburg, Virginia, at which camp he quickly became Regimental 
Sergeant Major in the Personnel Division, having charge of a large 
amount of the trade test work. 

During the period of the Student Army Training Camp, the following 
members of this department were employed in teaching in other depart- 
ments: 

E. A. Bessey had charge of two quiz sections in War Aims. 

Professor R. de Zeeuw gave his full time to assisting in laboratory work 
and in charge of quiz sections in Physics. 

Dr. R. P. Hibbard had charge of Bacteriology 3 in the fall term and as- 
sisted for seven hours a week with a class in Meteorology. 

Professor H. T. Darlington devoted nearly his full time to teaching 
Mathematics, only a small portion of his time being available for botanical 
garden and herbarium work. 

Professor E. F. Woodcock devoted his full time to physics quiz and labora- 
tory sections. 

This loaning of members of the Botanical Department to other de- 
partments was made possible without impairing the efficiency of the 
botanical work by the small number of students taking botany during 
the fall term. 

During the past fiscal year, Dr. G. H. Coons and I attended the meet- 
ings of the national scientific societies at Baltimore during Christmas 
week, (American Association for the Advancement of Science, Botanical 
Society of America, American Phytopathological Society, etc.) At the 
close of March the department was represented by myself, Dr. G. H. 
Coons, Dr. R. P. Hibbard and Professor H. T. Darlington at the meetings 
of the "Michigan Academy of Science and the Schoolmasters’ Club, where 
papers were read which will appear in the forthcoming report of the Mich- 
igan Academy of Science. 

During the summer of 1918, Professor Darlington and I made a col- 
lecting trip to Alpena and vicinity and points along the west shore of 
Lake Huron as far south as Tawas City. Some interesting plants were 
found, one of which had not been reported before except on Isle Royal in 
Lake Superior. By means of these collecting trips the distribution and 
habits of the plants of the state are becoming much better known and it is 
hoped that only a year or two more will be needed to enable us to publish 
the Flora of Michigan on which we have been working for the past six or 
more years. 

Professor Darlington has completed and has ready for publication a 
paper on the distribution of the Orchids in Michigan. 

The Botanical Garden has continued to be a point of great attraction 
for visitors coming to the campus. In order to make it as instructive as 
possible, we are gradually adding a series of descriptive labels. The 
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garden could be much more efficiently managed if it were possible to 
have a larger greenhouse, especially for starting plants in the early spring 
and for over-wintering tender sorts. 

Although reduced in numbers on account of the war, the Botanical 
Seminar has continued very actively at work. Two public addresses were 
given the past year under its auspices, viz.: in the autumn by Dr. E. C. 
Stakman, Professor of Plant Pathology, University of Minnesota, on 
“Biologic Forms of Cereal Rusts,” and in May by Professor H. H. Bartlett 
of the Department of Botany, University of Michigan on ‘The Village 
and Jungle Life of the Sumatran Batak’. Both lectures were intensely 
interesting. 

Respectfully submitted, 
EK. A. BESSEY, 
Professor of Botany. 
East Lansing, June 30, 1919. 


REPORT OF THE SEED LABORATORY. 


Mr. A. M. Brown, Secretary, State Board of Agriculture, East Lansing, 
Michigan. 
Dear Sir—I transmit herewith the report of Miss B. A. Hollister, Seed 
Analyst. 


Respectfully, 
kK. A. BESSEY, 
Professor of Botany. 
Dr. E. A. Bessey, East Lansing, Michigan. 
Dear Sir:—I have the honor to present to you, the report of the work 
of the Seed Laboratory for the year ending June 30, 1919. 
Yours very truly, 
B. A. HOLLISTER, 
State Seed Analyst. 


The work of the seed laboratory was carried on as usual during the 
past year, in spite of the unsettled conditions due to the epidemic of in- 
fluenza and the readjustment resulting from the signing of the armistice. 

Shipments of seed coming into the State from other states have caused 
us a great deal of trouble. This is true of other states as well, and a 
movement has been started to get a federal law which will take care of 
interstate shipments. At present nothing can be done in this State, and 
not very much in other states. Three or four firms have been the of- 
fenders. and have succeeded in placing in this State a large quantity of 
very poor seed. A great many samples were sent to the seed laboratory 
and all of these seemed to be from the same lot of seed. This applies 
only to samples of seed from the firms in question. Samples from other 
dealers were largely up to standard. It would be very desirable if farmers 
could be urged to buy seed either of their local dealer or from any 
other firms which are known to be reliable. Many of them buy from mail 
order houses and neglect to send a sample for analysis, thus filling some of 
their fields with a great uantity of weeds, some of which are not only 
undesirable but very noxious. 

In connection with the foregoing I might suggest that it is unfortunate 
that we are unable to send men out to inspect seed at the time when most 
of it is being sold at retail. This would help to eliminate some of the poor 
lots of seed which are sent into the State. 
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I made a trip to Detroit in May to look up the matter of lawn grass 
mixtures. <A great deal of this seed is sold by grocers and hardware mer- 
chants, practically none of whom know that we have a seed law. All 
of them are anxious to comply with the law and promptly labelled what 
seed they had on hand, when they received the analysis. A good deal 
of this trouble might be eliminated if the wholesaler would place the proper 
label upon the packages. 

The Publicity Department of the College has been of great assistance in 
obtaining publication of news items from the laboratory. 

Owing to the great increase in wages, cost of supplies, ete., the small 
appropriation for the maintenance of the Seed Inspection w ork does not 
suffice to employ sufficient additional help during the rush season, January 
to March inclusive, to permit of having inspectors send in large numbers 
of seed samples. Perhaps, therefore, it is fortunate, in a way, that the 
money does not suffice to hire seed inspectors. It is doubly to be regretted 
that the fees hitherto available for the work of the Seed Laboratory must 
henceforward be turned in to the State Treasury. 

The time is now ripe it seems, for a revision of the present seed law to 
conform with the ideas exhibited in the ‘“‘Model Seed Law’”’ recommended 
jointly by the Association of American Seed Analysts and the American 
Seed Trade Association after a study for several years in committee and 
open meeting. Given such a law and funds sufficient to employ two or 
more analysts and several inspectors, it would be possible to prevent the 
fraudulent sale of most poor seed. 

Bi A] HOLEISaT ER: 
State Seed Analyst. 
Hast Lansing, June 30, 1919. 


REPORT OF THE DEPARTMENT OF CHEMISTRY. 


President F. 8. Kedzie, College. 
Dear S| have the honor to submit the following report on the work 
of the Department of Chemistry for the year ending June 30, 1919. 
The teaching staff of the year was as follows: 
A. J..Clark, Professor. 
H. 8. Reed, Associate Professor. 
B. E. Hartsuch, Assistant Professor. 
*D. T. Ewing, Assistant Professor. 
Ky. H. Doherty, Assistant Professor. 
H. L. Publow, Instructor. 
P.S. Brundage, Instruction. 
K. F. Eldridge, Instructor. 
H. C. Lange, Instructor. 
H. A. Iddles, Instructor. 
R. H. Cromley, Instructor. 
Harold R. Laing, S. A. T. C. Assistant. 
Mabel Mosher (Winter Term only) 
Associate Professor, R. C. Huston returned April Ist, for spring term. 
Instructor C. D. Ball, Jr., returned April Ist, for spring term. 
Instructor B. E. L. French returned April Ist, for spring term. 
The work of the year has been very unsatisfactory in some ways and 
entirely satisfactory in others. The many interruptions during the fall 


* At Chicago University on leave of absence. 
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term while we had 521 students enrolled in the various courses were very 
discouraging. The return to more nearly normal conditions during the 
spring term, however, has been very gratifying and the teaching staff of 
the department is looking forward with enthusiasm to the coming year. 

Thirty-five courses have been offered during the past year, practically 
all of the courses requiring laboratory work as well as recitations or lec- 
tures. The number of students enrolled in these courses during the year 
was as follows: 


SUMMMIETSCSSLONGLOUSE nos 5 on Son Sree ee eae he 54 
ose erat Oe ee 8 ee eds er, ok we ee eee. SAI | 
VAIN GInerr iO) MO cp arcs em r he ne A ss: Gah. ee 486 
SOL Se MELMI OU. gy cnet ae setete Mee Me ppo pam Glas eons aes 400 


: 1461 

The equipment in our industrial chemistry laboratory has been in- 
stalled and will be in use during the present summer session. In this labora- 
tory I believe we have a valuable asset to the institution and to the in- 
dustries of the State. : 

The official record of the members of the staff absent during the year 
n service is as follows: 

1. Chas. Dodson Ball, Jr., enlisted State College, Pa. Aug. 2, 1917; 
assigned to Ordnance Dept., Sept. 14, 1917 at Watervliet Arsenal, N. Y.; 
sailed for France, Jan. 4, 1918; transferred to Chemical Warfare Service, 
April 11, 1918 and stationed in laboratories at Puteaux, near Paris; dis- 
charged, Feb. 10, 1919. 

2. Beals E. L. French entered service, March 15, 1918; assigned to 
duty with Co. F, 302 Engineers at Camp Upton, Me.; sailed for France in 
April 1918; transferred to 306 Field Hospital, 77 Division; transferred to 
Chemical Warfare Service, October 1918; discharged Camp Upton, Feb. 
@, 1919. . 

3. Howard D. Lightbody entered service, April 3, 1918 at Chicago 
and assigned to Fort Preble, Me., to 6th Recruit Co., and later to Battery 
KE, 72nd C. A. C.; transferred to Chemical Warfare Service, July 25, 1918; 
assigned to Research Battalion, American University, Washington; em- 
barked for France Sept. 19, 1918 from Camp Merritt on U. 8. 8. America; 
disembarked at Brest, Sept. 29, 1918; entrained for Chaumont; assigned 
as Field Chemist to Headquarters, 2nd Army Corp and joined this or- 
ganization October 10, in area between Ammen and Albert; March 25, 
1919 reassigned to Fourth Army Corps in Army of Occupation; May 
2, 1919 left Germany for Brest, France having been reassigned to the 
33rd Division; May 10, 1919 embarked for New York on U. 8. 8. Mount 
Vernon; May 19, 1919 disembarked and sent to Camp Mills, L. I.; May 
30, 1919 discharged at Camp Grant, II. 

4. Ralph Chase Huston, Captain Sanitary Corps, Laboratory Div. 
Commissioned Aug. 6, 1918; assigned to Rockefeller Institute; assigned 
to Yale University Sept. 20; assigned to Camp Polk, Dec. 25, 1918; assigned 
to U.S. General Hospital No. 19, Oteen, N. C.; Discharged Feb. 1, 1919. 

During S. A. T. C. regime A. J. Clark was acting Field Director of 
American Red Cross. 

Respectfully submitted, 
ARTHUR J. CLARK, 
Professor of Chemistry 
East Lansing, June 30, 1919. 
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REPORT OF THE DEPARTMENT OF MATHEMATICS. 


President F. S. Kedzie, College. 

Dear Sir—I have the honor to submit for your consideration the follow- 
ing report on the work of the Department of Mathematics for the year 
ending June 30, 1919: 

During the year the teaching staff of the department was as follows: 

L. C. Plant, Professor. 

L. C. Emmons, Associate Professor. 

M. F. Johnson, G. G. Speeker, and 8. E. Crowe, Assistant Professors. 
W. M. Wibble, Instructor. 

During the fall term Professors E. 8S. King, H. T. Darlington, W. E. 
Reuling and F. A. Burt and Mr. B. K. Philp taught classes in the Student 
Army Training Corps. 

At the opening of the fall term an unusual demand was made on the 
department both for instruction and for subject matter. The former 
was met by other departments’ coming to our assistance. Professor King, 
of the English Department, Professor Darlington, of the Botany Depart- 
ment, Professor Reuling, of the Mechanical Engineering Department, 
Professor Burt of the Geology Department, and Mr. Philp, of the 
Civil Engineering Department offered their help. I take this opportunity 
to thank these men for their assistance and to say that notwithstanding 
the fact that they were teaching outside their chosen fields, no more en- 
thusiastic body of teachers could have been found on the campus. 

Our national Government asked that the Student Army Training Corps 
be taught mathematics that should be adapted so far as possible to special 
phases of army work. Professor W. Paul Webber, of the University of 
Pittsburgh, and myself had a manuscript on Introductory Mathematical 
Analysis which seemed to meet more nearly the requirements of the 
Government than any text on the market. By putting forth every effort 
and by the cooperation of John Wiley and Sons we were able to place in 
the hands of the students preprints of the text soon after the opening of 
the term. The completed text was off the press in January. The govern- 
ment inspector of work done in the 8. A. T. C. units in different educa- 
ferent institutions, Professor 8. E. Stout, of the University of Indiana, was 
so well pleased with our mathematics that he asked for a detailed out- 
line of the same in order that he might present copies to other institutions. 

The success of the department is largely due to the personal interest of 
the members of the staff. They have given generously of their time out 
of class hours to their students and they have used their spare time and 
vacation periods in doing graduate work. 

The total number of students taking mathematics during the year was 
1,219, divided among the different terms as follows: fall, 417 8. A. T. C. 
students, 147 regular students; winter, 302; spring, 257; summer, 96. The 
total number of class periods for the year was 367, divided among the 
different terms as follows: fall, 125; winter, 98; spring, 74; summer, 70. 

Respectfully submitted, 
bb. Cr PLANT: 
Professor of Mathematics. 
East Lansing, June 30, 1919. 
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REPORT OF THE DEPARTMENT OF ZOOLOGY AND 
PHYSIOLOGY, 


To the President. 

Sir—I have the honor to submit the following report of the Department 
of Zoology and Physiology for the year ending June 30, 1919: 

Except for the interruption and changes due to the Students Army 
Training Corps and related activities the work of the Zoological Depart- 
ment has progressed almost as usual during the past year. Instructor 
Bergquist who enlisted in March 1918 is still on leave and with the 20th 
Engineers abroad. With this exception there have been no changes in 
the personnel of the department. 

In the fall term assistant professors, Roseboom and Burt were assigned 
respectively to the Chemic al and Mathematics Departments, the former 
giving his entire time to the teaching of physiological chemistry and the 
latter teaching three five-hour courses in algebra and trigonometry. In- 
structor Stack became an assistant in the Bacteriological laboratory for 
the whole term and Assistant Professor Conger gave part of his time to 
the teaching of ‘‘War Aims”’ under the Department of History and Political 
Science. Classes in beginning zoology and advanced physiology for the 
women, and elementary zoology for veterinary students, were the only 
subjects handled in our own department. 

In the winter term Professor Roseboom continued to give all his time 
to physiological chemistry and Mr. Stack to give half his time to bacteriol- 
ogy. Professor Burt had two required classes and one elective in geology, 
Mr. Conger and the writer gave the classes in zoology, and Mr. LeRoy and 
Mr. Stack cared for the veterinary physiology and the beginning physiology 
for one half of the freshmen women. 

The spring term was practically normal, the return of many of the 
young men who had been in the service bringing the elective classes 
nearly to full size. 

The department’s share in the Summer School was not large. It con- 
sisted of a two-weeks course in bird-study. given to seven students (mainly 
teachers) by the writer, and six-weeks courses in elementary zoology and 
elementary physiology by Mr. Roseboom to seven other students. 

Several important changes in courses of study made during the past 
year have affected rather seriously the balance of work in this department. 
The transfer of the required physiology for women from the freshman 
to the junior year will leave the department without any of this work for 
two years to come, and the dropping of elementary zoology from the 
women’s curriculum still further reduces the hours of work of our teaching 
staff. It is to be regretted that such radical changes cannot be foreseen 
far enough in advance to allow intra-department adjustments which 
would prevent overwork in some terms and semi-idleness in others. 

As usual the department has complied occasionally during the year 
with requests for lectures or talks before schools and societies of various 
kinds and is prepared to do more of this work in the future. In this 
connection it may be noted that Professor Conger has in preparation a 
popular bulletin on the haired animals of the State, with special reference to 
those which affect agriculture in any way, with directions for the ex- 
termination or control of injurious forms. 

In response to the government’s call for the loan of field-glasses to 
serve as “Hyes for the Navy” the department sent Assistant Secretary 
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Roosevelt a description of the 18 pairs of glasses used in our bird work 
and from these ten pairs were selected and forwarded in April, 1918. Soon 
after the armistice was signed one pair of glasses was returned, followed 
at intervals by others until on June 21st the last glass had been returned, 
all in perfect condition, and with an engraved certificate of thanks and 
appreciation from the Assistant Secretary of the Navy. 

MUSEUM. 

During the fall term the lack of regular teaching enabled the curator 
and other members of the department to devote more attention to the 
General Museum than has been possible in any one term for many years 
past. As a result its general condition has been very greatly improved. 
The entire display of minerals and fossils has been rearranged, the large 
collection of marine invertebrates from J. M. Knapp (with ’61), from the 
Puget Sound region, has been displayed and properly labeled, and a 
large part of the Harry K. Pomeroy collection of birds eggs has been put 
on exhibition, although as yet it lacks printed labels. In addition the 
entire collection of birds, both on the museum shelves and in storage, has 
been overhauled and the museum part has been considerably augmented 
and improved. In the course of this work it was found possible to re- 
mount some two hundred specimens from the Broas collection and these 
were used freely for the classes in ornithology during the spring term. 
Much remains to be done along this line and in particular the museum 
needs the addition of good specimens of many common reptiles, fishes, 
birds and mammals which are not now represented at all. 

Respectfully, 
WALTER B. BARROWS, 
Professor of Zoology and Physiology 
and Curator of General Museum. 
East Lansing, Mich., June 30, 1919. 


REPORT OF THE DEPARTMENT OF ENTOMOLOGY. 


President F. 8. Kedzie. 

Dear Sir—Following is a brief report of the work of the Department of 
Entomology for the year ending June 30, 1919. 

During the year the following courses were given by the department: 


Summer Term, 1918. 


Two weeks course in nature study. : 
R. H. Pettit and Miss MeDaniel. 


Fall Term. 
Ent. III. Insect pests of field crops. 
Re Hs Pettit: 
Ent. VIII. Parasitology for veterinary students in S. A. T. C. 
Dr. Chandler and Miss MeDaniel. 
Winter Term. 
Ent. IV. Forest Insects. 
R. H: Pettit: 


Ent. XI. Household insects for women. i 
R. H. Pettit and Miss McDaniel. 


Ent. Va and b. Applied Entomology. 
Miss MeDaniel. 


Ent. Xe. Apiculture (option). 
Mr. B. F. Kindig. 
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Besides these a short course was given in fruit-insects and one in api- 
culture to horticultural students, by R. H. Pettit and Mr. Kindig; one 
to men in general agriculture, second year, on field crop pests, by R. H. 
Pettit; one on garden insects, by R. H. Pettit; and a short course of one 
week known as “‘bee-week’’, for apiculturists, by Mr. Kindig. 


Spring Term. 
Ent. I. Introductory Entomology. 
R. H. Pettit and Miss MeDaniel. 


Ent. Il. Fruit insects. 
RaesRettiv: 


Ent. V.. Applied Entomology. 
Miss Me Daniel. 


Ent. Xa. Beginning of the option in Apiculture and 
Xd_ final term in Apicultural option andboth by Mr. Kindig. 


During the epidemic of Spanish Influenza last fall, a very interesting 
and effective campaign against house-flies was carried on by the depart- 
ment under the direction of Doctor Chandler. During this campaign the 
attempt was made to kill by formaldehyde, as many flies as possible in 
the mess-halls, in the hospital wards, in isolation hospitals; and, by 
poisons and sprays, in their breeding places—the most notable being 
the piggery. It was comforting to note that the number of new cases 
dropped in a very gratifying manner immediately (that is the day after) 
operations were instituted, and so great a proportion of our supply of 
flies was destroyed that up to the middle of the following June (1919) 
the comparative absence of flies was noticeable. 

Mr. Don B. Whelen, Extension Specialist in Insect Control, has re- 
signed to take up work in the commercial field, his resignation taking 
effect on June 30th. Mr. Whelen was, at the time of leaving, engaged in 
directing a general campaign against grasshoppers in Antrim, Benzie, 
Charlevoix, Cheboygan,.Crawford, Emmet, Grand Traverse, Kalkaska, 
Manistee, Missaukee and Roscommon counties, where grasshoppers have 
destroyed a great deal of wealth in the form of crops for two or three 
years past. 

Mr. Edwin Ewell, Extension Specialist in Apiculture, has carried in- 
formation of great value to the apiculturists and has, during the year, or- 
ganized the beekeepers into country clubs, in 14 counties. 

Our practice of answering queries by correspondence seems to be ap- 
preciated by the people of the State. During the month of June besides 
a large mass of routine mail to companies and individuals, the writer 
replied to 72 letters from county agents in reply to requests for expert 
advice. 

The last legislature increased the appropriation for State Apiary In- 
spection from $3,000 to $10,000, thus making it possible to increase the 
quantity of work done. Further information will be supplied in the 
report of the State Inspector of Apiaries. 

Respectfully submitted, 
Ree PRE, 
Professor of Entomology. 
East Lansing, Mich., June 30, 1919. 
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REPORT OF THE DEPARTMENT OF PHYSICS. 


President F. 8. Kedzie, College. 

Dear Sir—The following is a brief record of the activities of the Physics 
Department for the school year ending June 30, 1919. 

Due to the fact that both the regular and 8. A. T. C. work in physics 
were given simultaneously during the fall term, it became necessary to 
enlarge our lecture room facilities. The northwest corner room on the 
first floor of the Forestry Building, formerly used by the Home Economics 
Department as a laboratory, was converted into a very satisfactory 
auxiliary lecture room. 

A self ventilating storage battery room was built in the agricultural 
physics laboratory. This has meant much to the department by eliminat- 
ing the acid fumes which heretofore permeated the building, thereby 
corroding delicate and expensive apparatus. 

A unique switchboard was designed, built and installed by Professor 
Armstrong for the distribution of low voltages (8, 16, 32 and 64 volts) to 
lecture rooms and laboratories. This enables us to draw as high as 400 
to 600 amperes direct current for lecture table demonstration purposes, 
as well as giving constant voltages for laboratory work. 

The rebuilding of an old rotary converter of 2 K. W. capacity has made 
it possible for us to obtain alternating current for lecture and laboratory 
uses. 

During the Summer School of 1918 the following courses in physics 
were given: Id, le; 2d, 2f; 4b; also a course in High School physics. 
This work was presented largely from the laboratory rather than the usual 
lecture, quiz and laboratory standpoint, which allowed a greater amount 
of personal work as the classes were small. 

Since the equipment of the Physics Department was well suited for 
presenting the starting, lighting and ignition work given to the Motor 
Mechanics, our lecture room and apparatus were used by them during 
the summer and fall terms. 

The work of the fall term was quite out of the ordinary. School began 
October Ist with the 8. A. T. C. program not clearly defined. A tentative 
program outlined by a committee of the faculty was supplanted by a 
course of study prepared by the Committee on Education and Special 
Training, Washington, D. C. 

The total number of men enrolled in the war courses in physics was 
201. These were either 19 or 20 year men who had chosen some one of the 
following groups the of service. 


19 YEAR MEN 


(a) Infantry and Artillery. 
(b) Aur Service. 

(c) Chemical. 

(d) Transport and Tank. 


20 YEAR MEN. 
(a) Air Service. 
(b) Ordnance. 
(c) Engineer Corps. 
(d) Chemical. 
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Since these various groups came at different periods of the day, ad- 

ditional teaching help was required to handle these war courses 
efficiently. To meet this need the Botany Department very kindly offered 
to the Physics Department the full time services of Dr. Woodcock and 
Dr. De Zeeuw. This offer was accepted. At the same time we also 
gave the regular courses, Physics 1d and Physics 2d, all of which made 
for us an exceptionally heavy schedule of work. 
' The department made a still further contribution to the war program 
of the College. At the request of Captain Henderson and Lieutenant 
Bridgman of the Infirmary, it did skiagraphic X-Ray work for the several 
detachments, with apparatus made and assembled in the department 
except for a discarded hydrogen X-Ray tube. 

At the beginning of the winter term it was found expedient to repeat 
the usual fall term’s work in addition to the regular winter term’s work 
to be given, in order that the students then entering college would be able 
to finish their regularly scheduled work at the end of the Summer School 
thus permitting them to graduate with their respective classes. 

During the spring term it also became necessary for the same reason 
to give both the winter and spring terms’ work simultaneously. 

On September Ist the Physics Department sustained a great loss in 
the resignation of one of its members, Professor O. L. Snow, who had ren- 
dered very faithful and efficient service for eight years. Mr. Snow left to 
accept a position with the United Engine Company, Lansing, Mich., to 
which was attached a salary of nearly double that which he received 
from the college. 

Mr. E. A. Armstrong, an M. A. C. graduate of the Class of 1911, 
Electrical Engineering Course, was hired to fill the position made vacant 
by the resignation of Prof. Snow. He in turn resigned at the end of the 
winter term to accept a more lucrative position with the National Machine 
Products Company of Detroit, Michigan. 

No one was secured to fill the position vacated by Prof. Armstrong. 
The part time services of Assistant Prof. P. G. Andres were loaned to the 
Physics Department by the Department of Electrical Engineering, to han- 
dle the engineering physics courses, Physics 2e and 2f, previously taught 
by Professor Armstrong. He was assisted in this work by Mr. R. J. Bondie 
of the class of 1918. 

Due to the conflicts in schedules caused by the doubling of the work, 
we were obliged to employ student laboratory asisstants for part of the 
work throughout both the winter and spring terms. 

The number of students per term enrolled in physics was as follows: 


Summer School 1OUS ss wee ee Se tet 18 
Fall Term, 1918— ; 
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Aside from the assistance rendered the department by Dr. Woodcock 
and Dr. de Zeeuw; that of Assistant Professor Andres; and that of the 
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laboratory assistants previously mentioned, the departmental work was 
cared for by Associate Professor Laycock, Assistant Professor E. A. Arm- 
strong and myself. Assistant Professor Snow assisted with the work of the 
summer school. 

Mr. Ralph M. Harford’s name was added to the regular College payroll, 
July 1, 1918, as College Photographer. 

I wish to take this opportunity to thank the Botany Department 
for the loan of Dr. Woodcock and Dr. de Zeeuw during the period of the 
Ss. A. T. C., also the Department of Electrical Engineering for the loan 
of Mr. Andres for part time during the spring term. 

In compliance with repeated requests, the faculty at its mecting, 
March 17th, authorized the Physics Department to give three courses in 
physics, namely: Physies 100, 101 and 102, as minors in the graduate 
school. These added courses will make us feel keenly the shortage of 
available laboratory and lecture room space. 

Considerable difficulty was experienced during the winter and spring 
terms in giving five or six laboratory courses with only three laboratories 
available. This lack of room made necessary the taking down of practically 
all of the laboratory apparatus at the end of each term, and setting up new 
laboratory apparatus for the following term’s work. 

This has indeed, been a trying year for the Physics Department, since 
only two of the regular teaching force remained with the department 
throughout the entire year, but notwithstanding this and the other unusual 
conditions that have prevailed, the work has been handled satisfactorily 
to all concerned. 

Very respectfully submitted, 
CHAS. W. CHAPMAN, 
Head Physics Department. 
East Lansing, June 30, 1919. 


REPORT OF THE DEPARTMENT OF ENGLISH AND MODERN 
LANGUAGES. 


President F. 8. Kedzie, College. 
Dear Sir—I have the honor to submit the following report upon the 


Department of Engl sh and modern Languages for the year ending June 30, 
1919: 


TEACHING STAFF FOR THE YEAR. 


The teaching staff of my department was as follows: 
W. W. Johnston, Professor of English and Modern Languages. 
7. 8. King, Associate Professor of Public Speaking. 
C. B. Mitchell, Assistant Professor of Public Speaking (Spring Term). 
Mrs. A. C. Robson, Instructor in French. 
Mrs. N. L. Roseboom, Instructor in English. 
L. C. Hughes, Instructor in French. 
J. B. Hasselman, Instructor in English, 
R. B. Weaver, Instructor in English. 
L. B. Mayne, Instructor in English. 
s Me Lebel, Instructor in French. 
1, Van Speybroeck, Instructor in French. 
Two members of the teaching foree named above, Mr. Lebel and Mr. 
Yan Speybroeck, were employed shortly before the opening of the fall 
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term. They came as instructors in French for members of the Student’s 
Army Training Corps. After the disbanding of the Corps they were as- 
signed to other work. Mr. Lebel took charge of one of our regular daily 
classes of first-year French and of four sections of conversational French, 
the latter subject being added to the curriculum with the beginning of 
the winter term. Mr. Van Speybroeck, who had had training and 
experience in teaching English as well as French, was assigned to instruc- 
tional work in composition and public speaking for freshmen engineers. 

At the beginning of He spring term the teaching force was augmented 
by the addition of Mr. C. B. Mitchell. In September, 1918, Mr. Mitchell, 
who had been a ae ‘of the department since 1912, resigned to ac cept 
a position with the Cincinnati office of the J. Walter T hompson Advertising 
Company. In March, 1919, he was reappointed to his assistant professor- 
ship in my department and was assigned to seventeen hours of class work 
for the spring term, fifteen in public speaking and two in composition. 

I have not included, in the list given above, the name of Arthur 8. 
Burket. Mr. Burket was a member of my department from the first of 
September 1916, to March, 1919; but from April, 1917, to the time at 
which he resigned his position at the College, he was on leave of absence, 
granted for the duration of the war. Mr. Burket was commissioned as Ist 
Lieutenant of Infantry in the Reserve Corps on April 17, 1917, and soon 
afterward was ordered to report at Fort Sheridan for active duty. He was 
assigned to duty with the 10th and 11th Provisional Regiments R. O. T. - 
He was commissioned Captain of Infantry, R. C., August 15, 1917, wa 
ordered to report to the Commanding General of C amp Cc uster, Ween 
and was assigned to the 338th Infantry. He was transferred to the 160th 
Depot Brigade, September 13, 1917, and assigned to Command of the 2nd 
Battalion. He was commissioned Major of Infantry, N. A., December 31, 
1917. September 26, 1918, he was transferred to the 10th Infantry. While 
at Camp Custer, Major Burket served as President of the Camp General 
Court Martial, as Member of three Division General Court Martials, and 
as President and member of three Special Court Martials. He served 
also on the Summary Court of Brigade and Regiment, and was a member 
of various Promotion Boards, Efficiency Boards, Boards adjusting land 
claims, ete. 

When Major Burket was transferred from the 160th Depot Brigade to 
the 10th Infantry, all signs pointed toward France; but within less than 
two months the armistice had been signed. Major Burket was discharged 
on February 6, 1919, and soon afterward went to Columbus, Ohio to 
make an address at the state meeting of ice cream manufacturers and to 
make arrangements for returning to East Lansing. While in Columbus, 
however, he was offered a very attractive opportunity to return to the 
practice of law, and resigned his position at the College. It was very 
shortly after his resignation that I had a chance to secure again the services 
of C. B. Mitchell for our work in public speaking. On March 14, 1919, Mr. 
Burket was recommissioned Major of Infantry, R. C. 

Mr. Van Speybroeck, who was engaged in order that he might teach 
French to our unit of the S. A. T. C., will not remain with the department 
next year. Mr. Hasselman, whom you have appointed Director of Publica- 
tions, retains his title of Instructor of English but will devote practically 
all of his time to publications. It is probable that he will teach for the 
Department of English only the two-hour course in Writing for the Press, 


110 STATE BOARD OF AGRICULTURE. 


WORK OF THE MEMBERS OF THE DEPARTMENT DURING THE FALL TERM. 


During the fall term much of the work done by members of the de- 
partment was not in immediate connection with the department. The 
smallness of our enrollment of regular students, combined with the large 
amount of attention given to the 8. A. T. C., necessitated important 
changes. As no English was given to our unit of the 8. A. T. C., it was 
possible to spare the full time of two teachers. Accordingly, Professor 
King was for the term transferred to the department of Mathematies, for 
which he taught daily four classes of the 8S. A. T. C. Similarly, Mr. 
Hasselman gave his entire time to the Department of Physical Training. 
Three other teachers gave part time to the Department of History, in the 
teaching of War Aims. Mr. Weaver taught one section of 27 students in 
War Aims, in addition to teaching every week four two-hour courses and 
two three-hour courses 1 a total of six classes in English and one 
in War Aims. Mr. Mayne had two classes in War Aims, of 31 and 47 stu- 
dents respectively, besides teaching daily three sections of freshman 
composition for women, the smallest of these sections numbering 20 
students. The head of the department transferred to Mrs. Roseboom his 
customary class in elective English for juniors and seniors and taught 
in their stead three classes in War Aims, of 23, 32, and 44 students re- 
spectively. As there was an enrollment of but 30 in English 2e, our regu- 
lar course in freshman composition for agricultural students, he was also 
able to teach during his term all of the freshmen English given to our st 
dents of Agriculture. Mr. Lebel and Mr. Van Spreybroeck devoted their 
entire time to the courses on conversational French given to the 8. A. T. C. 
There were but three members of the department whose instructional 
work was not wholly or largely determined by the war conditions prevailing 
at the College. 


THE WINTER AND SPRING TERMS. 


At the beginning of the winter term Professor King and Mr. Hasselman 
returned to service with the Department of English. The repeating of 
fall term courses for students who had been in the army necessitated the 
organization of a considerable number of sections of new classes, and on 
the whole the work of the two terms was exceptionally heavy for all 
teachers of English. During the spring term the classes and theme work 
of some members of the department were made especially heavy by the 
necessity of relieving Professor King and Mrs. Roseboom of a sufficient 
amount of teaching to enable them to devote a considerable amount of 
time and hard work to the out-of-door play and the commencement 
pageant mentioned further on in this report. Likewise it seemed advisable 
to relieve Mr. Hasselman of his afternoon class work in order that he 
might fill temporarily the place left vacant by the resignation of the 
Director of Publications. 


RESULTS OF CONTESTS. 


Kach year I have given in my report the results of contests in which 
the department is especially interested. This year the Eunomian-Holcad 
contest was won by Miss Ruth Hudson, H. E. ’22, with a poem entitled 
The Road. Accordingly, Miss Hudson received the prize of $25 provided 
by the Eunomian Literary Society. There was a tie for second place be- 
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ween Miss Margaret Himmelein, H. E.’20, and Miss Helen Kellogg, H. E. 
719. Miss Himmelein’s contest manuscript was a story entitled The 
Weakling, Miss Kellogg’s a story entitled Spring Cleaning Invades the 
_ Store. The sum of the second prize, $10.00, and third prize, $5.00 was 
divided between the two contestants, each receiving $7.50. Second and 
third prizes, as well as those awarded to contestants falling below third 
place, are provided annually by the Holead. Other contestants who won 
prizes were Cecil Gebhart, H. E. 719; H. C. Powell, A. ’22; Kenneth 
Mabrle, A. ’22;W. A. Hockstad, A. ’22; Ruth Musselman, H. E. 719; J. S. 
Cutler, A. ’20. 

The George E. Lawson Prize Essay contest was won by Mr. Stanley 
Powell, A. ’20, whose essay was entitled Living the Full Life on the Farm. 
Second place was won by W. A. Hockstad, A. ’22, for his essay Our Friend 
the Fly. Mr. Powell received the Lawson prize of $25, and Mr. Hockstad a 
prize of $15. Twelve manuscripts were submitted in this contest. 

We took part in no intercollegiate debate this year. Iowa State College 
was ready to hold the usual debate, but Purdue University considered 
it better to wait one year. Various conditions led us to agree with Purdue. 


COMMENCEMENT PAGEANT AND COMMENCEMENT DRAMA. 


I believe that special mention should be made of the pageant planned 
and supervised by Mrs. Roseboom, of the department, and given on the 
evening of June 10th, as a feature of commencement week. It was a 
great success. The dances of all nations given in costume by all the girls 
of the College with the setting and background of our campus furnished 
an artistically beautiful and inspiring spectacle. It is hoped that this 
pageant may become an annual event. 

The play given by the Dramatic Club on Monday evening of commence- 
ment week is likewise worthy of high praise. This production was directed 
by Professor E. S. King. The out-of-door performance of one of Shakes- 
peare’s plays under the direction of Professor King has become almost a 
regular feature of Commencement week. In Beas years As You Like 
It, A Midsummer Night’s Dream, and Twelfth Night have been given. This 
year the play was The Merchant of Venice. 

In closing I wish to thank all the members of my department for their 
devoted and successful service to the College. Together with Professor 
King, Mrs. Roseboom and Mr. Hasselman, who in the spring assumed 
duties lying outside the strict boundaries of the department, should be 
mentioned Mr. Mayne, Mr. Weaver and.Mr. Mitchell, who carried ad- 
ditional classes in order that the three first named might make a success of 
play, pageant and college publicity. I would also mention Mr. Lebel. 
Both in the classroom and outside of it he has made an enviable reputation 
during his first year. His worth to the College can by no means be 
measured by his services in the class room. To you, to Secretary Brown 
and to the members of the Board, I would likewise extend my sincere 
thanks for your unfailing consideration and encouragement. 

Respectfully submitted, 
Wacws JOHNSTON, 
Professor of English and Modern Languages. 
East Lansing, Mich., June 30, 1919. 
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REPORT OF THE DEPARTMENT OF HISTORY. 


President Frank 8. Kedzie, East Lansing, Mich. 

Dear Sir—I submit the following as my report for the Department of 
History for the year 1918-19. 

The unusual conditions prevailing during the war required modi- 
fications of our regular departmental program. The Federal Govern- 
ment, in its program of training for soldiers included as one of the sub- 
jects to be given every soldier in training a course known as War Aims, 
which should set forth the historical causes of the war. This order made it 
necessary for this department to enlarge its activities. 

Beginning with the men of the second vocational section, July 15th 
to September 15th, each man was required to attend one lecture per week, 
in which were heard discussed in consecutive order, the historical con- 
ditions existing from the foundation of the German Empire to the out- 
break of the world war. In addition there was presented the reasons for 
ach European nation being engaged in this war, as well as special em- 
phasis upon the reasons for the entrance of the United States. Attention 
was also given to important results of the conflict, such as are found em- 
bodied in the Fourteen Points of President Wilson. 

These lectures were repeated for the third vocational contingent, 
up to the signing of the armistice, except as they were interrupted by 
the scourge of influenza. In all, some twelve hundred men were handled 
in these two vocational groups. This work fell to the lot of the head of 
the department. 

With the organization of the S. A. T. C. at the opening of the college year 
the governmental order included War Aims as a necessary part of the 
training of prospective soldier boys. This order brought five hundred 
more students into the department for three hours of work each per week. 
The work was conducted as follows: Each student was given one lecture 
per week in which current matters were dealt with. Effort was made to 
acquaint him with the developing conditions in Europe, many of which 
needed some historical survey in order to establish a clearer and more 
adequate understanding. For instance: such topics as the Polish problem, 
formation of states by the Czech-Slovaks and Jugo-Slavs, the Armenian 
troubles, the Russian revolutions together with an analysis of the govern- 
ments of England, France, Germany and Austria. Also the cardinal 
principles of international law as understood by the allies were considered. 
These topics were of course integrally related to President Wilson’s Four- 
teen Points and to the reason for the United States’ part in the war. 

In addition to this each student was a member of a second group in 
which two hours per week were devoted to the history of Europe from 
1860 to the beginning of the war. In this course a text, Holt and Chilton’s 
“European History,” a book written for this purpose, was used. Some 
twenty sections were necessary, which were placed in charge of members 
of the faculty available for this purpose. The department takes this op- 
portunity to acknowledge the services of Professors Bessey, Conger, 
Hedrick, Hasselman, Johnston; also Messrs. Mayne and Weaver. 

Professor A. C. Conger constructed, with painstaking care, a large map, 
eight by eight, of Western Europe, which was exhibited in the corridor of 
the Agricultural Hall. On this was shown the positions of the Allied and 
the enemy forces. The changes in position were recorded for each day 
as the tide of the battle progressed. This contributed very materially for 
all, teacher and student, to an understanding of the facts about the war. 
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The War Aims course closed with the signing of the armistice for the 
vocational men and with the term end for the regular college student mem- 
bers. 

With the coming of the winter term the department resumed its nor- 
mal functions. The subjects scheduled for the winter and spring terms 
have been taught, but a depleted attendance has resulted in smaller 
classes. 

For these terms the work has been handled by the regular staff. Mrs. 
Minnie Hendrick during the fall taught classes of young women and the 
men who were not in the 8. A. T. C. work. In the later terms she has 
participated in the work as in former years. Thus I have briefly summar- 
ized the activities of a very busy as well as a very stirring year. We can 
only hope that our sevices have been of real value in aiding the twelve 
hundred men enrolled in the department in the understanding of the 
world war in all its multitudinous phases and that the importance of 
history as a study for any time has been demonstrated, not only to stu- 
-dents in college, but the people in general. 

Respectfully submitted, 
i. i RYDER, 
: Professor of History and Political Science. 
East Lansing, June 30, 1919: 


REPORT OF THE DEPARTMENT OF ECONOMICS. 


President F. 8S. Kedzie, East Lansing, Michigan. 

Dear Sir—The following is a report of the Department of Keonomics 
for the’ academic year 1918-19. 

The total number of enrollments in the department for the year equalled 
390, distributed as follows: 

By terms—Fall, 44; winter, 115; spring, 181; summer, 50. 

By classes—Senior and junior, 103; sophomore, 199; freshmen, 88. 

By subjects—Economics, 229; Sociology, 61. 

Total number of hours taught during the year, exclusive of S. A. T. C. 
hours by members of the department are 912, divided as follows: 

By terms— Fall, 72; winter, 300; spring, 360; summer, 180. 

By subjects—Economies, 732; Sociology, 180. 

The use of the college for 8. A. T. C. purposes during the fall term cut 
down the work of the department to two classes, one for non-military 
upper classmen and the other forthe freshmen who were under draft age. 
Both the members of this department did 8. A. T. C. teaching throughout 
the fall term, Mr. Dunford having five hours of 8S. A. T. C. economic 
teaching and 10 hours of supervision per week, Mr. Hedrick having 10 
hours per week of War Aims. 

In the winter term the department offered its customary number of 
courses as is true also of the spring and summer terms. That the average 
attendance is so much reduced as compared with previous years is due to 
the fact of student absences from college on account of military duty. 

In the college curriculum revisions which seemed suitable this year as 
a result of war alterations, economics was removed from the sophomore 
year of the Engineering course and transferred to the senior year. In the 
Agricultural course some consolidations of two and three-hour subjects in 
economics into five-hour subjects were made. This it was thought would 
give more unity to the offerings of the department, 
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Both members of this department have had the customary general 
or non-classroom services to perform. Professor Dunford assisted during 
many hours with the courses in Telegraphy for soldiers which was given 
here. The head of the department had his usual employment on the Social 
Committee, Course of Study and Book Store Committees, and upon the 
Executive Councils of the M. A. C. Union and M. A. C. Association. He 
also gave a dozen or more public addresses in various localities upon 
various practical economic questions. 

Respectfully submitted, 
W. O. HEDRICK, 
Professor of Economics. 
East Lansing, June 30, 1919. 


REPORT OF THE DEPARTMENT OF PHYSICAL TRAINING. 


To the President, Michigan Agricultural College. 

Sir—I respectfully submit the following report covering the work of 
the Department of Physical Training for the college year 1918-19. 

The fall term was given over entirely to work with the students of 
the Student Army Training Corps; the department staff cooperating 
with the military authorities in carrying on a comprehensive program of 
physical drill, recreation and athletics. This work became a valuable 
part of the work and life of these men stationed here in military service 
and contributed very largely to the morale, spirit and health of the group. 

January saw the activities of the department return to normal with 
required physical work, twice a week of all freshmen men, and of all 
sophomore and junior men, not taking military, and three periods a week 
of all girls except seniors. The usual athletic teams were developed and 
a great deal of time and effort was given to mass athletics and general 
recreation for the entire student body. 

The work with girls developed very largely during the year. All of 
their work was brought into the new gynmasium, another competent 
instructor was added and the work broadened and extended by adding 
swimming and recreative games. 

The faculty has given the department added standing and opportunity 
by voting to require physical training of all students, beginning with the 
opening of college in 1919, except during the spring term of the senior year. 
The faculty also took steps to establish a Health Service for the college. 
This health service will demand a physical examination of all students on 
entering and supervision and education in all health matters. 

The new gymnasium, which came into full use for the first time during 
the past year, has proved splendidly arranged and adapted for all the 
work of the department and has already proved it will contribute very 
materially to the health and education of all who come to the institution 
as students. 

The department badly needs improved and larger athletic and re- 
creative fields. The present field is not only small, but is so frequently 
flooded from the waters of the Red Cedar that a great deal of time and 
materials are lost each year and, too, the danger of damage makes it 
unwise to attempt extensive improvements. The present stands are 
wooden and in bad condition and immediate steps must be taken to 
build substantial and adequate accommodations. 
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The department staff was considerably broken up, on account of mili- 
tary service, but through adjustments and the willingness to carry extra 
work, the institution did not suffer materially. The Director of the 
department. was on leave of absence until Feb. 8, 1919, serving as Director 
of Physical Training and Recreation for the Southern Department of the 
army. L. L. Frimodig served as Lieutenant in the Artillery and came to 
the department as instructor Jan. 1, 1919. George E. Gauthier spent six 
weeks in the college instructors training camp, early in the year, but 
returned in October and in addition to his regular duties as instructor, 
acted as head of the department, until Feb. 8th. Miss Edith Casho and 
Miss Helen Grimes, instructors in the work for women, were in attendance 
the full year and handled their work admirably. 

The above staff is well trained and faithful and will all return for the 
year 1919-20. 

Respectfully submitted, 
Ch la-BREWER, 
Director, Department of Physical Training. 
East Lansing, Mich., June 30, 1919. 


REPORT OF THE LIBRARIAN. 


President F. S. Kedzie. 

Dear Sir—I have the honor to present the following report on the 
library for the year ending June 30, 1919. 

During the year there have been added to the library by purchase 528 
volumes; by binding, 539 volumes and by gift 184 volumes. Total ad- 
ditions, 1,251 volumes. Total number in library, 39,8438. 

For bound volumes we are indebted as follows: 


Beal, Dr. W: J., 1 Montana, 2 
California, 1 Missouri, 2 
Carnegie Endowment for Interna- New York, 12 

tional Peace, 1 Nebraska, 6 
Canada, 27 New Jersey, 6 
Chapman, Prof. C. W., 1 North Carolina, 1 
Connecticut, 2 New Hampshire, 1 
Goodrich Rubber Co., 1 Ohio, 1 
Hinebaugh, T. D., 138 Osborn; Hon: €. S., 1 
Halligan; Prof. CC: P., 1 Penn., 34 
Iowa, 5 Smithsonian Institution, 3 
Illinois, 3 Thum, Wm., 1 
Florida, 1 Tennessee, | 
Kansas, 3 United States, Reports, 11 
Maine, 4 : U.S. Veterinary Medical Assn., 3 
Massachusetts, 9 Vermont, 4 
Michigan, 49 Wheeler, Wm. R., 1 


Minnesota, 1 


Of unbound books and pampnlets 335 have been added, of which 3 were 
purchased. Total number of pamphlets, 9,734. When donors were known 
acknowledgement was made. 

- The following is a list of publications received by the library as gifts 
from publishers, or in exchange for our reports and bulletins. 
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Agrl. Gazette of Canada. 

Agrl. Gazette of N. S. Wales. 

Agrl. Review. 

Allegan Gazette. 

America. 

American Heonomist. 

American Farming. 

American Fruit Grower. 

American Food Journal. 

American Hebrew. 

American Iron and Steel Institute, 
Bulletin. 

American Issue. 

American Miller. 

American Poultry Advocate. 

American Sheepbreeder. 

American Swineherd. 

Annals of the Missouri Botanical 
Gardens. 

Armada Times Graphic. 

Ayreshire Quarterly. 

Australasian. 

Australian Museum, Records. 

Bean Bag. 

Boy Power. 

Brooklyn Botanic Garden Record. 

Belding Banner. 

Berkshire World and Cornhill Stock- 
man. 

Better Business. 

Better Fruit. 

Blue Valley Bulletin. 

Boletin de Agricultura, Sao Paula. 

Bulletin of the Grand Rapids Pub- 
he Library. 

Bulletin N. Y. Botanic Gardens. 

Bulletin Pan American Union. 

Bulletin Boston Museum of Fine 
Arts. 

California Acad. of Science, Proc. 

Canadian Forestry Journal. 

Canadian Horticulturist. 

Canal Record. 

California Citrograph. 

Chester White Journal. 

Community Life. 

Chicago Packer. 

Christian Science Journal. 

Christian Science Monitor. 

Christian Science Sentinel. 

Commerce Reports. 

Congressional Record, 

Dairy Record, 
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Dakota Farmer. 

Deutsch Amer. Farmer. 

Doherty News. 

Edicon Monthly. 

Electric Railway Journal. 

Electric Traction. 

Elgin Dairy Report. 

Eaton Rapids Journal. 

Etude. 

Farm and Fireside. 

“arm and Home. 

‘arm and Ranch Review. 

Farm Journal. 

Field. 

Field and Farm. 

Flour and Feed. 

Fruit Belt. 

Fruitman and Gardener. 

Guernsey Breeders’ Journal. 

Guaranty News. 

Guaranty Trust Co., Letters. 

Hoard’s Dairyman. 

Holead. 

Holstein-Friesian World. 

Hospidor. 

Illuminating Engineer. 

India, Agricultural Publications. 

Indian’s Friend. 

Illustrated Review. 

Improvement Era. 

Indiana Farmers’ Guide. 

Investment Bankers’ Assn. of Amer- 
ica, Bulletins. 

Indicator. 

Ingham Co. News. 

International Institute of Agricul- 
ture, Rome. Publications. 

Il Giornale d’Italia Agricolol. 

Jersey Bulletin. 

James’ Barn Magazine. 

Johns Hopkins University, Circulars 

Journal of Agrl. Research. 

Jl. of the Bd. of Agrl. and Fisheries, 
London. i 

Jl. of the College of Agrl., Tokio. 

Jl. of the College of Agrl., Sapporo. 

Jl. of the Dept. of Agrl., 8S. Australia. 

Lilly Scientific Bulletin. 

Lincoln Frie Presse. 

Lister Institute of Preventive Medi- 
cine, Trans. 

Live Stock Reports (Clay Robinson) 

Manton Weekly Tribune, 
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Midland Sun. 

Market Growers’ Journal. 

Message of the East. 

M. A. C. Record. 

Michigan Farmer. 

Midland Naturalist. 

Moderator Topics. 

Modern Gladiolus grower. 

Monthly Bulletin, Comm’r of Hort., 
California. 

Monthly Crop Report. 

Monthly Review, U. 8. Labor Bu- 
reau. 

Michigan Business Farmer. 

Michigan Library Bulletin. 

Michigan Patron. 

N. Amer. Teacher. 

Nut Grower. 

National Farmer. 

National Grange Monthly. 

National Stockman and Farmer. 

National Weather Bureau and Crop 
Bulletin. 

N. Y. Meteorology, Draper’s Hourly 
Readings. 

N. Y. Produce Review. 

Official Bulletin. 

Official Gazette. 

Ohio Farmer. 

Orange Judd Farmer. 

Our Dumb Animals. 

Pan American Bulletin. 

Pacific Dairy Review. 

Park and Cemetery. 

Poland China Journal. 

Power Farming. 

Practical Farmer. 

Proc. Amer. Philos. Soc., Phila. 

Progressive Herald. 

Public Health Reports, U.S. Marine 
Hospital. 

Publicity Magazine. 

Reclamation Record. 
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Philippine Agrl. Review. 
Philippine Agriculturist and For- 
ester. 
Philippine Bureau of Science, Re- 
ports. 
Porto Rico Jl. of the Dept. of Agri. 
Progressive Farmer. 
Rice Institute Pamphlets. 
Rhodesia Agrl. Journal. 
Rockefeller Institute for 
Research, Studies 
Russia. 
Scientific Monthly. 
Seed World. 
Scripps Institute for Biol. Research, 
Bulletins. 
Short Horn in America. 
State Plant Board of Florida, Quar- 
terly Bulletin. 
Smithsonian Institution, 
Miscel. Collections. 
Contrib. to U.S. Nat. Herbarium. 
Bulletin of U. 8. Nat. Museum 
Social Service Review. 
Southern Fruit Grower. 
Special Crops. 
Sugar. 
Sunkist Courier. 
University of California, Publica- 
tions, 
Agrl. Science. 
Zoology. 
Useful Poultry Culture. 
Wallace Farmer. 
West Coast Leader, Peru. 
Washington Farmer. 
Weather Review. 
Weekly News Letter. 
West Indian Bulletin. 
Western Honey Bee. 
White Breeders’ Companion. 
Williamston Enterprise. 
Wilson Bulletin. 


Medical 


The publications of the U. 8. Dept. of Agriculture and the bulletins 
of the various Agrl. experiment stations, together with the card indexes, 


are received and filed in the library. 


The catalogues of the leading educational institutions of the country 
are received and filed. These are received in exchange for our own cata- 


logue, 


The number of books loaned for heme use was 5,118, an average of 
about 427 per month. No record is kept ef books used in library. 

For our student assistant, Mr, Fowle, we have only words of commen- 
dation, and we are happy that we are able to retain him for next year, 


‘ 
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We are indebted to the U. 8. Department of Agriculture and the Uni- 
versity of Michigan for books loaned to us during the year, and desire to 
express our appreciation of the courtesies extended to us by the librarians 
in charge of these libraries. 

The library of the experiment station grows but slowly. The additions 
during the year number 187, of which 15 were by purchase, 163 by binding, 
and 9 by gift. The two libraries now number 44,556 volumes. 

On the evening of May 12th, Governor Sleeper signed the Bill which 
appropriated $300,000 for a new library, and we are now looking forward 
to the erection of the building for which we have so long waited. 

We are sure that every one, faculty, student and alumni, join with us 
in thanking the State legislature for recognizing our need and meeting 
it, and the Governor for signing the Bill, thereby making it effective. 

Respectfully submitted, 
LINDA EK. LANDON, 


East Lansing, June 30, 1919. Librarian. | 


REPORT OF THE REGISTRAR. 


President F. 8. Kedzie, Michigan Agricultural College, July 15, 2919. 

Dear Sir—I have the honor to present the following report of the 

Registrar’s Office for the year ending June 30, 1919. 
At the opening of the college year on October Ist, 1918, a unit of the 
Students’ Army Training Corps was established and continued in operation 
throughout the greater part of the term. “The courses offered to the 
members of this unit were mainly those outlined by the Committee on 
Education and Special Training of the War Department to prepare men 
for the following branches of service: Infantry and Artillery; Air Service; 
Chemistry; Engineering; Tank and Transport; Signal Corps; Quarter- 
master; and Ordnance. 

The courses were arranged according to the plan of the Committee, in 
three groups. The first for those eighteen years of age, the second for those 
of nineteen years of age and the third for those of twenty years or more. 
The following table shows the number in each group. 


Eighteen year group....... : : PR ee ee Te TO EE TERE re eR Tae Ae as oe 149 
(InGartcy and Artillery Be Srna: = : é oD. 
| Air Service...... F Oe ae shea BR icbile gpa o ths taste oa oe ete fey ke one 30 
|Engineering. .... PEE eas Re OR A ert Sere hae et ie NE ee og Se 3. Ail 
Nineteen year group{ Tank and Transportation. ..... i ‘ : ee . : is 2830 
|Signal Corps st : é een, : eae Pee tener ta |S} 
| Quartermaster ae : fers : "carts ; 2 eS: 
Chemistry... . : : ae See : pA 
Totaleveee eons sc : be lake Rees One Oi eT A RE Oe Amesa atte 
(Infantry and Artillery. Fyre Se 93 
| Air Service. 5 rh! ; : a Ed RP BA er = tees ake 32 
| Engineering. .. Be seers o BPS enh ee, Sere eee Aa 37 
Twenty year group ; Tank and Transportation Sees nous ae eee ae eee ord eter 31024 
li sieanlicoron : 5 sg SPY oa at oR cree. Lo ae ae ee es 13 
| Quartermaster . . ; : ey SN SA Page Hae PEARCE ORD IMs cose sean ww 
|Chemistry.......... ; PPM SHER Han eRe dee rere CoN at eee 
\Ordnance........ : Bee ate Se Pic rite: Dap 50 to ce FE aa 3 
Total: shee eer ee ee ee : ee SPR eee ier, SAAT, eC ere HEURS  Varc -ek SOR OS come 223 
Unassigned) soins. soci ete ce eee sr : : Ae : PAE 5 Ne ie ad Sees SORE 5 ee 1) 
Veterinary Medicine.............. ee 5 eee Bester Jee cone ate 36 
622 


Total number classified. . ue 
Students registered and inducted into the Comps ot othe were ane to ‘Officer's s Training C amps beter iGlssdneaton <i ree! 
Died of Influenza......../.... RSactarice Bodies ies Sas eee are ae Se ee 


Total number registered. . : 687 
Of this number 53 were Enlisted as ene # the Naval va Pat, owing we ihe grit wnelse: hey, were essienel to one of 
the companiesin the Army unit and are included in the foregoing groups. 


ae 
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In the regular college courses the enrollment for the year is as 
follows: 
Mericuiture andih OLestrys acme ise metre seein neice: Mie oe cieie Lemaire ihe fe clsiieceeendone 314 
IDNA bi aie sane ene ma oetn!d one Salo mei ticle ab aiteio die Gs POLO ene Ginoe Ole nce ct aa ae anaes Meh en 244 
LOMO ECONO CS rete ete etree a Serica oe ata iro yer eer Sefer ater eee eiane ede es 329 
Wigan ar aly RTO TREES as eee OS ee Be oe Hee aR oan sear nae Chee neon chan ob ee 41 
; TO bea ea etn Sp Sac NE ait, SNORE, ARMOR aR DRY he et hie eA ey Ae EYP ere daa, Etna Sr aee os a ese api paid Eee 928 
Summer Sesslony 1 91S oestriol a sre easter eTaerct reales olen nara leis ois eters, © eetieactena fede heyate otsislssoye 16 sien» - 180 
pliwonyears courses INA grictll tires -eriqtiet iee lyae corteern is stesaeraer Mo are aeiec “auinals aievaly-ta- 24 
Hiehtaweeks Wourses IIA grICUL tireseerctt teehee Maite cis eon eee ers In hs eee eens er: 169 
RouUrAWesks Course in MarmLractors se cto. acter earn ae ee ior et ee rs oto toe ee ni ea nas 166 
AU re aie aE Seer oR etn ci ny o-Ps nS eS A a 2 359 
Soldiersand Sailors preparatory..............2-2.eesseece ones RA Ao OREO a RAP OS SRCH ADS Goa TeAAt Sc Sana Oncaea 11 
SOE i rai Se aaa al 2 PEN 6 eS a ge aes ra el i 1,478 
INSINESTEDGA LEG Srcaarays eerie cere te Se isie fever crate NS tse rcs eT eT PNAS OE Soho Lei ord orate fate Nhe Barca EO eT ors 109 
TARPS SN Le SN ae 9 Ag RT APE Ue oe eR ee PaO 1,369 
ENROLLMENT BY TERMS. 
Coarse. Fall | Winter. Spring 
Agriculture ang’E OLEStLYicn. victimes er Bc a ae cea eae eae See TO OCC 61 259 290 
EAP IMCEr IN g eeA cea ta ican ee Sere erecta Mee ae a ee ee ee eee 54 231 224 
Home Economics................ rie A a, Aes er ee Sere te Se a Nespas 306 303 291 
lWeterinarysM edicine ssp mnecr neocieiias mee ne tote hii ao te a mao cen me ciee. 10 42 40 
Graduates actus sceace meres mel ar aiciaka ns qn oe een Giron ear mois Teniaet soe emetaeee G 10 7 
Soldiersiand Sail ors) Preparatorveceyas cosine: eee eon hie ree eee ne al Sete eoee [lems aie ccs 11 
SHOUAI Serer yar are ary at ee See ee ne eee caer EAL TN te at eee H 438 845 863 
ENROLLMENT BY CLASSES. 
Agriculture | Engineering. Home Veterinary Total. 
and Forestry Economies. |~ Medicine. 
(Graduatessrn my ee an ie. os ree Ne ME nee Gulk Sera seco 5) Pes ea 11 
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OTHER STATES AND COUN TRIES. 
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DEGREES GRANTED JUNE 11, 1919 


BACHELOR OF SCIENCE. 


a, Agriculture; c, Engineering; h. Home Economies; f, Forestry. 


Allen, Esther Caroline, h. 
Allen, Winston Fields, a. 
Bandeen, Nellie Allyn, h. 
Bartley, Hugh Jerome, a. 
Baxter, Raymond Leroy, e. 
Benjamin, Ruth Irene ,h. 
Blair, Sherli Constance, h. 
Brunson, Alice Plathynia, h. 
Bugai, Joseph Walter, a. 
Carmody, Martin Francis, a. 
Carrow, Harold Glenn, e. 
Chapman, William Alvan, a. 
Clements, Leila Electa, h. 
Cobb, Ada Frances, h. 

Cole, Olive Gertrude, h. 
Cook, Margorie Elizabeth, h. 
Cepas, Margaret Erlamond, h. 
Cottrell, Lavenia Esther, h. 
Deadman, Hazel Belle, a. 
Diehl, Helmut Charles, f. 
Diehm, Oscar Adam, a. 
Dilts, Madge Emma, h. 
Dunlap, Nenna Beatrice, h. 
Dunphy, Audrey Ann, h. 
Edmonds, Helen Abigail, h. 


Edmondson, Margery Thornton, h. 


Fitzpatrick, Frank Wellington, a, 
Folks, James Nathan, a. 
Gilbert, Vera Murree, h. 
Gordon, Gladys, h. 

Hall, John Winkley, h. 
Hallet, Esther Elizabeth, h. 
Hath, Minty E., a. 
Hodgeman, Ruth Kathryn, h. 
Holliday, Margaret Emma, h 
Hopphan, Ethel Linna, h. 
Hoyt, Warren John, a. 
Hubbard, Louise Harriet, h. 
Illenden, Jessie Lillian, h. 
Johnston, Margaret Julia, h. 
Kahres, Dorothy Elizabeth, h. 
Keiser, Jessie Aletha, h. 
Kelley, Walter Thomas, a. 
Kellogg, Helen Elizabeth, h. 
Kelty, Russell Hiram, a. 
Kent, Daniel Webster, a. 
Kitti, Alma, h. 

Kober, Claudice Mary, h, 


Kuder, John McCloud, a. 
Kurtz, William Jennings, a. 
Landstrom, Louisa Dorothea, h. 
Lee, Clarissa Pike, h. 
Lindsay, Emerson Joel, a. 
Lott, Esther Catherine, h. 
McBride, Lois, h. 

McIntyre, Agnes Lillian, h. 
MeNinch, Marletta Jane, h. 
Mahrle, Helen Bartlett, h. 
Mead, Harold Charles, a. 
Mead, Helen, h. 

Mead, Mildred, h. 

Millard, Forrest Gass, e. 
Moore, Irma Clarice, h. 
Muhlitner, Hazel Mary h. 
Musselman, Ruth Fern, h. 
Ode, Francis, a. 

Overhiser, Frances Leona, h. 
Por ter, Elizabeth Sanford, h. 
Pratt, Martha Simpson, h. 
Preston, Erma Elfleeda, h. 
Rainey, Boyd A., a. 

Reed, Newton Luther, e. 
Rogers, Gertrude May, h. 
Roland, Kenneth Henry, a. 
Rusche, Dorothy Katherine, h. 
Sardjoff, Cristho a. 

Schneider, Bert Leonard, a. 
Siefert, William Alfred, e. 
Smith, Marian Irene, h. 
Snyder, LeMoyne, a. . 
Southard, Ordelia Harriet, h. 
Spafard, Ethel Maria, h. 
Speltz, Arthur Francis, a. 
Spencer, Francis Gertrude, h. 
Spinning, George Wilson, a. 
Stark, Harold Clifford, a. 
Sutherland, Hazel Matilda, h. 
Sweeney, Ralph Crissman, e. - 
Templeton, Marion Louise, h. 
Thomas, Marian Craven, h. 
Tucker, Ada Dyer, h. 
Vaughn, Frank Luther, a. 
Walker, Ruth Louise, h. 
Weld, Elizabeth Phelps, h. 
Younker, Elwyn Dorr, a. 
Snyder, Margaret Louise, h, 
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DOCTOR OF VETERINARY MEDICINE. 


Baxter, Earle Gilbert LaBar, Chauncey Floyd 
Colby, Stanley Gould Robbins, Bernard Dewitt 
Dunn, Alexander Renny Smith, Edwin Reed 
Flower, Kellogg Loyal Tenney, Gerald Dean 
Gordon, Max Matthew Tenney, Norman Harrison 
Hanson, Karl Burchard Trubey, George William 
Krueger, Keith F ortune Welsh, Mark Frederick 


MASTER OF SCIENCE. 
Foster Rudolph 
Ruth Dorothy Normington 
Stanley George Bondeen 
CHEMICAL ENGINEER. 
Henry Eveleth Publow 
MECHANICAL ENGINEER 
Harold Madison Jacklin. 
MASTER OF FORESTRY. 
Earl C. Sanford. 


MASTER OF HORTICULTURE, 


Harold Sterling Bird 
Edmund Harrison Gibson 


Irvin Thomas Pickford. 
DEGREE GRANTED NOVEMBER 20, 1919. 


BACHELOR OF SCIENCE. 
Frank E. Semon, was of Class of 89. 


DEGREES GRANTED DECEMBER 20, 1918. 


BACHELOR OF SCIENCE. 


Amiotte, Zeneda Marie, h. Laidlaw, Orville William, a. 
Bigelow, Zella Ethel, h. Sims, John Wilson, a. 

Fogle, Floyd Earl, a. Snow, Alta Ada, h 

Higgins, Ethel Mabell, h. Weidemann, Andrew George, a. 
Kessler, Nicholas Aloysius, f. Wood, Wilbur Warren, a. 


DOCTOR OF VETERINARY MEDICINE. 


Stanley George Bandeen. 


SUMMARY OF DEGREES GRANTED DURING THE YEAR OF 1918-19. 
Bachelor of Science: 
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The efficiency of this office has been greatly increased by the addition 
of two safe filing cabinets to our equipment. These cabinets are fire 
proof and are sufficiently large to enable us to store all the student records 
of the College besides other valuable reports. 

At this time I wish to express my appreciation of the assistance rendered 
by my co-workers, Miss Anna Ferle, Assistant Registrar, and Miss Agnes 
Kerr, who has been employed as stenographer during the year. 

Respectfully submitted, 
ELIDA YAKELEY, 
Kast Lansing, June 30, 1919. | Registrar. 
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REPORT OF THE MILITARY DEPARTMENT. 


President F. S. Kedzie: 

The undersigned was relieved from duty at this institution on Sept. 19, 
1918, to take command of the 8S. A. T. C. at Wesleyan University, Con- 
necticut, and returned to duty here Jan 2, 1919. 

The usual troubles incidental to a period of re-construction were experi- 
enced, the students being sick of military training and the apparent hope- 
less purpose of the 8. A. T. C. For three month the students ‘‘bucked”’ 
but were finally won over to the safe and sane view of military training 
and then settled down to make up for lost time. The students who had 
been the strongest in opposition became the strongest supporters of the 
department. 

The corps carried out everything desired by the War Department—in 
brief with but two terms available, we covered the ground laid kown for 
three terms. The gallery firing showed a noticeable improvement over 
that of the preceding year. Last year the students fired an average of 
84%, this year, 87%, with the War Department requiring but 60% a 
standard, the attitude of the students and their ability to DO work when 
given them in the right way is well illustrated. 

The annual inspection, given by Lt. Col. Hester, General Staff, was in 
the early part of May. All day Friday and all the morning of Saturday 
were devoted to demonstrations, each and every phase of our instruc- 
tion. This demonstrating was carefully planned and most successful. Col. 
Hester stated that we had done everything that the War Department 
wanted, in the way the department wanted and was more than pleased. 
“You do not appear to have been affected at all by the S. A. T. C. inter- 
ruptions as were the other colleges’. At the review he thought we had 
practiced a long time and was surprised that the students had had only 
two prior drills in the formation. He asked more questions than any in- 
spector I have yet had and more than 90% of the questions were ans- 
wered correctly and promptly. 

As a result of the inspection, Michigan Agricultural College was placed 
in the ‘‘Distinguished Class” by War Department orders. This is the first 
time in the long history of M. A. C. that the college has gained this high 
honor. Only 12 colleges in the entire United States are so designated and 
four of those are essentially military schools such as Virginia Military In- 
stitute and The Citadel. 

With three full terms ahead for next year there is no reason to doubt 
our ability to again gain honors. Cadet Major Daniel W. Kent, class of 
1919, was, with the approval of the president, nominated as ‘‘Honor 
Graduate” and certified as eligible to appointment as second lieutenant 
in the regular army. I have not yet heard whether he has been appointed 
but he doubtless will be as soon as a vacancy and new appointments 
occur. 

Set. Chas. H. Robinson deserves great praise for his unswerving loyalty 
and tactful manner in handling the students during the trying times of 
reconstruction. 

Respectfully submitted, 
P. G. WRIGHTSON, 
Major U. 8. Army. 
East Lansing, June 30, 1919. 


DEPARTMENT REPORTS. 123 


SUMMER QUARTER REPORT. 


President F. 8S. Kedzie, College. 

My dear Sir—On January 27, 1919 the faculty voted as follows: ‘It 
is recommended that the summer session be extended to two terms of 
six weeks each, the courses of each term to begin and terminate within 
xach such term.” 

Also, ‘‘That the committee recommend to the faculty that the Board 
‘of Agriculture be asked to authorize the giving of a one year’s special 
college preparatory course to soldiers and sailors who desire to pursue ¢ 
four years’ course, but have not completed a High School course.” 

Upon these two pieces of legislation the plans of the summer quarter 
have been developed and administered. The purpose voiced in the above 
cited legislations of the faculty was special service to two classes of in- 
dividuals viz., the regular students of the institution and another group 
who had never enrolled. 

The needs of the first group were occasioned by the fact that the men 
had been drawn into the military service, resulting in the loss of one or 
more terms of college work. In a large number of cases the loss was con- 
fined to the fall term of the year 1918, since the signing of the armistice in- 
stituted the process of returning men to civil life sufficiently early to en- 
able many students to resume college courses with the second term, be- 
ginning in January. Others arrived at different times in the successive 
weeks. Obviously, these men could not complete their year’s work at the 
end of the regular year. It is equally clear that many would be delayed 
the whole or the greater part of another. college year unless courses could 
be made available earlier. The College adopted the policy of reinstating 
every student in his work in the most advantageous way. Engineers 
resumed with fall work because of prerequisites; agriculturals pursued 
winter subjects at once. In any case an additional quarter was necessary 
to complete the year of work before the next college year. For senior 
engineers the spring term work would be needed while agricultural stu- 
dents would need the fall subjects. 

For underclassmen there were two reasons for relief. In the case of 
many engineers, there was necessity for removing prerequisite work in 
order to classify in the next college year. In other cases it was a matter 
of catching up in one’s course. 

To meet these needs the College took the above steps in deciding to 
offer two summer terms for the accommodation of these men. Such 
courses as would enable seniors one term in arrears to complete their 
courses; prerequisite courses for underclassmen; and a liberal number of 
other courses to assist any students to advance satisfactorily in their 
respective courses. The provisions made for returned soldiers and sailors 
were maintained through the terms of the summer quarter. As a result 
a number of men will be in readiness for entrance to college at the opening 
of the fall term. The statistics below show to what extent the student 
body and soldiers and sailors availed themselves of this service. 
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| 
First Second 
Term. Term. 

Number of Agricultural Studentsin Attendance...................-...... 118 46 
Number of Engineering Studentsin Attendance.......................... 116 27 
Number of Home Economics Studentsin Attendance. ................. 4 48 2 
Number of Veterinary Studentsin Attendance.......................... é 5 1 
Number of Post-Graduate Studentsin Attendance... 0.2.0.2... 0. e cece cece eee eee nese en eees 7 5 
Number of Rural School Teachersin Attendance..................0.....00. 12 0 
Number of Preparatory Studentsin Attendance. . Eee SRA A eee Ea ose Se a ae 14 14 
Numbherof special StudentsimaAttendancess ses criaeacie ocean ein ie eee nici eee . 62 11 

Lotal SE cc skic Wey lee ee eer ooh THLE eat eras otal ete meatoe 381 106 

Agricultural. |Engineering. Home Veterinary. Preparatory. 
Economics. 

ELM eee tes one hy asde- ss) |. Lst.: |) 2nds \(elst-.e2nd-a|f Ista 1h 2ndsel adaurneondst|prists 2nd. 
Graduatesso.) o-eeeee SORE SOUS 7 Dil Gite | eee te te a Po Ei Woe oe 
AOTOISeniOrsstn cc cenit ene tele ttle 21 4 13 9 Helle Lee Atal tree eel |laca y= Srovcdl| actayecstaran | fe eles 
1920 Seniors........... Etho eh oe act 47 14 28 1 1G al HEA oes retry acess lara al Peabo lens 
JUNIORS este isc ee Hae ee Se 20 11 32 7 15 1 Dr AN ace Pale all have fe ose | bes eemors 
Sophomoresisos setersae tae oe stearate 26 12 38 9 15 1 fe een nl | eee 
Hreshmente sence eae ee Ree 5 6 12 3 4 1 2 1 a | ard S| a 
Special scene eee Mae Mattie 20 (ifs Pnaenceccsl RIE 46 OA PE | cert on Renee Pera 
Preparatory........: TS ey Gl Shere SRN era | Meee otiesoe BR) ee (eet col eure all tees 14 14 

MTotaltnrseeciewe saa eT EE 146 58 123 29 94 4 5 1 14 14 

Total First Term..... Ss feo : BS Fe| Metoene heave deal neo aos See [Pes ene POE Se eva lees 381 

Total Second Term............. 5a lone ae tendo teeter ecaacal aaa 2 or S| Gate ease aerate 106 

MotaliforiQuarter-w-e. eee ee oe Pete | Pepa Ac resets] ete lee kates: Sete ae hates) erent eerre tac a aoe 487 


Number of Courses—Agricultural, 18; Engineering, 22; Home Kco- 
nomics, 9; Veterinary, 1; General Science. 56. 
Number of students completing courses during summer quarter— 
Agricultural, 25; Engineering, 14; Home Economics, 1; Veterinary, O. 
Number of Instructors—Ist term, 66. 2nd term, 20. 
Total cost for instruction—Ist term, $13,059.50; 2nd term, $4,000. 


Number of former students enrolled—Ist term, 143. 


Number of new registrants—2nd term, 25. 
Number of students in residence both sessions, 81. 
Special Lecturers for Conference and Summer Quarter. 


Dr. L. H. Bailey, Ithaca, New York, one lecture. 


- Dr. Lloyd C. Douglas, Ann Arbor, Michigan, two lectures. 


Dr. A. E. Ross, Madison, Wis., four lectures. 
Prof. H. H. Severn, Kalamazoo, Michigan, ten lectures. 


Summer school Attendancein 1915 ...:. 2.5.2. s..+.. 
Summer School Attendance in 1916............. 
Summer School Attendance in 1917............. 
Summer School Attendance in 1918............. 
Summer School Attendance in 1919...........(1) 381 
(2) 106 


2nd term, 86. 


487 
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The above statistical data is given in anticipation that it may answer 
a large number of inquiries concerning the summer quarter; also that if 
may serve as a basis for determining the future policy of the college relative 
to summer session activities. While the present quarter has been offered ag 
an emergency session, it is inevitable that the question shall arise as to 
whether the institution ought to be kept open for a full quarter during 
the succeeding summers. 

It may not be amiss at this point for me to direct attention to certain 
considerations pertaining to the session just closed. 

First. There is no question as to the wisdom of this year’s policy of 
the faculty. Many students have been very materially assisted by being 
able to complete their course this summer; in fact, we would have been 
negligent of our obligations if we had done otherwise than to make 
available a quarter’s work in this particular year. 

Second. There can be no doubt that many students were here not 
because of war emergency, but because they desired to hasten the date 
of graduation. The young women came largely in this class. It is im- 
possible to give the exact figures for the men. This means that there is 
some inclination on the part of the student body to make use of a full 
summer quarter. The problem as to how great an obligation rests upon 
the College to furnish the opportunity is one that may well be studied 
before it is disposed of. At least it should not be dismissed without the 
hearing which educational interests and policies demand today. The 
fact that such universities as Cornell and Missouri have arranged their 
curricula for summer period is evidence of the attitude of these colleges. 
I suggest that a committee of three be appointed by the President to 
consider this question and report its findings at an early meeting of the 
faculty. 

Third. The activities of this season have made the most extensive 
use of the institution’s educational facilities that has been made during 
the summer in recent years. It raises the question as to what extent the 
great equipment of such a plant la be actively employed in an educa- 
tional capacity throughout the ye 

Fourth. The benefit of the summer session has not been wholly in 
behalf of the student. This year in particular it has given to the teaching 
force a supplementary employment at a time when our salary problem is 
peculiarly delicate. It is an admitted fact that teachers are suffering ex- 
cessively from the high cost of living. The additional income of this season 
has been a welcome boon at this time. 

Fifth. Reference to the statistics shows the presence in our summer 
session of a considerable number of students who are not regular attend- 
ants of the College. Experience has proven that it is a difficult matter 
to attract these outsiders. However, they are in most instances, a very 
valuable addition to our student body. I believe it would be an effort 
worth while to endeavor to secure a larger enrollment of this type of 
student. Strange as the statement may seem, still I believe it to be true 
that there are many who do not realize the opportunities which this in- 
stitution affords in an educational line. It may be expected that through 
the development of education along the line of agriculture and home 
economics under the Smith- Hughes” legislation, the College is going to 
find many mature men and women coming to its campus for the instruction 
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necessary for public school work. This summer’s enrollment has shown 
this. The summer period is advantageous for such students and we may 
well prepare to render the service for all such and for others who may be 
attracted here for various purposes. 

A very excellent feature was introduced this year in the form of a 
series of lectures, extending through one week, by the faculty of the 
Agricultural Division for the benefit of teachers of agriculture in the high 
schools of the state. This project was in charge of Professor French 
and Director Gallup. These men, the most of whom had been out for 
some time, pronounced it a very valuable service. 

Several conferences were held during the first six weeks. Reports 
for those in Home Economics and Boys’ and Girls’ Clubs appear else- 
where. The Rural Conference deserves a word in this report. This con- 
ference brought to the campus for one week more than one hundred men 
and women, chiefly rural ministers. Of these forty men enrolled in 
the short course work for one week and fifteen remained for a second 
week of this work. This effort of the College in holding a conference 
and short course work is directed toward men and women occupying con- 
spicious and responsible places in society and is well worth while in 
its results for community betterment. The prospects for its growth 
and greater efficiency were never more promising than at the close of 
this season’s conference. 

In closing I would call your attention to the work of our students 
during the quarter. It has been a term of exceptional hard, earnest 
work on their part, and I think more has been accomplished in the courses 
than is done in the regular terms. 

The splendid cooperation of our teachers has made the quarter one 
of profit and success for the College. As director, I am greatly indebted 
to Professors A. C. Conger and C. 8. Dunford for assistance in classifying 
students. Respectfully submitted, 

EK. H. RYDER, 


Director Summer Sessions. 


REPORT OF THE ALUMNI RECORDER FOR THE YEAR 1918-1919 


President F. S. Kedzie, Michigan Agricultural College. 

Dear Sir—The following is the annual report of the Alumni Recorder 
for the period beginning July 1, 1918 and ending June 30, 1919. 

The work of keeping in touch with the alumni of the College has gone 
forward during this period under conditions such as have rarely obtained 
before. The war situation up until the signing of the armistice, when 
such great numbers of men were drawn into the conflict either in active 
service in the army and navy or in civilian branches, followed by the rapid 
demobilization at the close of the war and the returning of our men to 
civilian occupations has placed an unusual task upon the alumni office. 

Our records show that over 1,400 M. A. C. men went into active service 
for the nation with the army and navy exclusive of the 8. A. T. C. We 
are now working up the service records of each of these men and gathering 
as much data and information as possible looking toward the publication 
of a history of the College during the war. Already we have completed 
records with photographs for nearly 1,000 of these men and the rest are 
being gathered as rapidly as possible. Some forty of our graduates and 
former students gave their lives in the great conflict and at commence- 
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ment time a grove was planted in their memory and a tablet containing 
their names has been placed upon a field stone at the edge of the grove. 

Not only has the College made a wonderful showing in the number 
of her sons that responded to the call of the nation but these men individu- 
ally have carried themselves throughout the fighting on the allied line 
in such a manner as to bring added honors to the brilliant record of the 
institution. Between fifteen and twenty graduates and former students 
have won decorations from the United States government and from 
French and British governments for valor and distinguished service in 
action. One of our men, Harold Furlong, with the class of 1918, was 
awarded the Congressional Medal of Honor which is the highest reward 
that the United States can give her soldiers. Less than fifty ‘such decora- 
tions were made during the war and to have an M. A. C. student receive 
one of these is a distinct honor. 

The War History work that I have mentioned above now being undertaken 
in sequence of the collection of the war records of the individual soldiers 
and sailors of M. A. C., contemplates a historical recording of-the activities 
of the institution during the war and the war work that was carried 
on on the campus by the various departments. 

As a gift from the College and from the M. A. C. Association 980 men 
were receiving the M. A. C. Record, the College weekly publication, 
at the time of the armistice. That they appreciated this gift and that 
it has won much favor for the College is shown by the many letters of 
thanks which our men have:sent in regarding it. 

The work of reorganizing the local alumni associations was taken up 
immediately after the closing of the war and up to the first of June ten 
of the branch M. A. C. Associations had reorganized and were back on a 
pre-war basis. The mother association also demonstrated that it was re- 
turning to a normal state through a reunion at commencement time, 
June 11th, attended by over 500 enthusiastic graduates and former stu- 
dents. Alumni support was solicited and bountifully given to the legis- 
lative measures passed by the present legislature providing appropriations 
for two new buildings for the campus. The alumni gave their active sup- 
port and were largely responsible for bringing both measures to a successful 
passage. 

The outstanding feature of the year’s work has been the launching 
of a campaign for a Union Memorial Building. A Union Building at 
the College has been talked of for several years and with the close of 
the war there was immediately presented the question of an appropriate 
memorial to those men of ours who gave their lives in the great struggle 
and to the men and women of the College who participated in it actively. 
It appeared to the executive committee of the alumni organization that 
the memorial could well take the shape of a Union Building and as such 
be a permanent and very useful commemoration to our war heroes. It 
is the idea that the building will serve as a community and social center 
for the campus and be a college home for students, alumni, faculty and 
friends of M. A. C. The campaign was definitely launched at the Com- 
mencement Alumni Luncheon and subscriptions amounting to $35,000 
were made at that time which very firmly established the project. During 
the coming year the organization work and a complete campaign of the 
alumni and student body will be made with a goal of $150,000 in view for 
a Union Memorial Hall. Respectfully submitted, 

C. W. McKIBBIN, 
East Lansing, June 30, 1919. Alumni Recorder. 
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REPORT OF THE STATE INSPECTOR OF ORCHARDS AND 
NURSERIES 


To the State Board of Agriculture. 

yentlemen—In some respects the work of this department has been 
simplified, as compared with past years, by the fact that orchard in- 
sects and diseases have been less troublesome than usual. This has 
been due in part to the fact that owing to the severe winter of 1917-18 
a very large proportion of the peach trees have been removed, which 
has lessened the number of cases of yellows and little peach. The same and 
other causes have lessened the ravages of the San Jose scale. In this case, 
however, not only have the host trees been destroyed, but the number of 
the insects have been reduced in part by the severity of the winter, and 
also by various parasites and by the unfavorable weather during the sum- 
mer of 1917. 


ORCHARD INSPECTION WORK. 


The high prices obtained for the various fruits, as well as from the fact 
that the lessening of the number of the San Jose scale made them more 
hopeful of success, has led to increased attention to the orchards and 
greater interest in spraying. In many sections there are abandoned or- 
chards in the neighborhood of young and healthy orchards, and since 
these orchards are generally infested with various dangerous insects and 
diseases we have had frequent calls to have the trees either destroyed or 
given proper attention. 


WHITE PINE BLISTER RUST CONTROL. 


The cooperative agreement with the Federal Department of Agriculture 
relating to the scouting for trees infected with the White Pine Blister Rust 
has been continued. 

During July, August and September, a half dozen or more inspectors 
under the direction of and paid by the Department of Agriculture, covered 
a considerable portion of the State, especially along the eastern and 
western sides, but were not able to find any indication of “the presence of the 
disease, either in five-leafed pines, currants or gooseberries. 

Early in April, 1919, the work was again taken up, and within a few 
days the disease was found in a white pine in Oakland County which 
had been purchased several years ago from one of the nurseries in which 
the disease was foundin 1918. Fortunately the disease had not developed 
spores and it is hardly likely that is has spread to any of the Ribes in the 
vicinity. Thus far the blister rust has only been found in two nurseries 
in Oakland county, and in trees on two places which had been sold by 
one of these nurseries. Careful examination of the ribes in the vicinity 
of where the infected trees were found has failed to show any indication 
that the diease had spread from the infected pines. 

At this time the blister rust has spread over the greater part of New 
England, and through the eastern and northern portions of New York, 
and has obtained a good foothold in Wisconsin and Minnesota, besides 
having been found in southeastern Pennsylvania, New Jersey and Ohio. 
It is fortunate for the forest and fruit interests of Michigan, as well as for 
the nurseries, that the Federal government was so prompt in starting e1 uate 
cation measures, 
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THE BARBERRY CAMPAIGN, 


As was stated last year we also have a cooperative arrangement with 
the Bureau of Plant Industry of the U. 8S. Department of Agriculture 
for the eradication of barberry bushes which harbor the black-stem-rust 
of wheat. This includes not only the green and purple leaved forms of 
the common barberry (Berberis vulgaris), but several other species, 
including Berberis Canadensis, B. Sinensis, B. ilicifoiium and B. aqui- 
folium or mahonia, besides some twenty other species which have been 
little planted in Michigan. 

Although under the agreement, the scouting was to be done by the 
Department of Agriculture, owing to the failure of the appropriation 
bills, very little was done by its inspectors during the summer and in order 
that the barberries might be located and destroyed as soon as possible, 
two of the regular inspectors of this department were assigned to bar- 
berry inspection when they could be spared from other duties, and 
three others were specially employed for the work during July, August 
and September. Later on; the department of Agriculture put on a force 
of seven to ten men. The winter was unusually favorable for the work 
and it was continued with little interruption, with the result that when 
spring opened all of the cities and larger towns had been scouted, and 
many of them had been covered a second time, to make sure that all 
had been found and removed. 

In addition to very large numbers in the parks, cemeteries and private 
grounds which were removed and no report made, before the regular 
canvass began, barberries were located by the inspectors on over 1,000 
places in the city of Detroit alone, and the number reported by them 
was nearly 150,000. Several of the smaller cities had even more in pro- 
portion to the number of homes. 

With very few ‘exceptions the owners removed them promptly when 
the object was explained, and thanks to the excellent publicity given 
the matter by Dr. Coons, who had charge of the work for the U. 8. De- 
partment of Agriculture, this was very generally understood, although 
a considerable number were not able to distinguish the dangerous species. 


ORCHARD SPRAYING AND DUSTING. 


In years when wet weather prevails as the buds on fruit trees are 
opening, many complaints have been received that the fruit is scabby 
even though the trees were sprayed following the usual formulas. The 
opinion has been that if the trees had received the dormant spray for 
scale the second application might be given at any time while the trees 
were in blossom. The spores of the apple scab pass the winter in the 
leaves upon the ground and if the weather is favorable are likely to infect 
the new leaves and blossom buds very soon after they develop. For this 
reason it is unsafe to delay the so-called “pink” spray until the blossoms 
are ready to open as is so often practiced. On the other hand, the only 
safe way is to make use of what has been called a ‘‘pre-pink”’ application. 
At the time the flower buds begin to separate in the clusters the leaves 
have commenced to develop and unless the trees are sprayed there is 
danger that both leaves and buds may become infected, especially in 
wet seasons. 
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WEATHER FORECASTS FOR SPRAYING. 


Particularly when the rains continue for a number of days it is highly 
important that the trees be covered with a fungicide previous to a rain 
as otherwise the spores will have time to deveolp and infect the leaves and 
buds. In order that notice of a rain might be furnished to fruit growers 
arrangements were made with Mr. D. A. Seeley, Director of the Michigan 
Weather Service of the U. 8. Department of Agriculture, at East Lansing, 
for special weather forecasts with a notice of impending storms three or 
four days in advance. These reports were sent to this office each morning 
in advance of the regular weather reports, during the spraying season. 
Owing to the local character of the storms during much of the spraying 
period the results were not as satisfactory as they otherwise would have 
been. 

Plans were made to send out notice of the storms by telegraph to the 
various fruit growing sections where the word was distributed over the 
telephone and through the local papers, making it possible to protect the 
leaves and fruit from attack during rainy period. 

Trees that were sprayed at the “pre-pink” stage were quite free from 
the attack of scab while those that did not receive the fungicide until 
late in the pink period were quite badly infected. Had the weather been 
wet during the two or three weeks following the setting of the fruit serious 
harm would have resulted where a primary infection had taken place. 

The benefits from the special weather forecast seemed to be so large 
that is is planned to extend the service another season and cover a very 
large proportion of the leading Michigan apple districts. 


THE DUSTING OF ORCHARDS. 


Several of the largest fruit growers in Michigan have substituted 
the use of dust for the spraying of their orchards and’ thus far most of 
them feel well satisfied with the results. One advantage comes from the 
very marked saving of time as two men with one outfit are able to dust 
from 40 to 100 acres of bearing trees in eight hours, the number of acres 
of course varying with the size of the trees. As a consequence, it is often 
possible to cover an orchard with a combined fungicide and insecticide 
at the proper time when it would not be possible to do so with a spray rig, 
unless the number was made two or three times as many as would be 
needed of dusting machines. It is also possible to use the dusting ma- 
chines in the orchard at night, which in fact is the very best time for the 
work and the dust may be applied when the trees are wet, or even when 
there is a ight mist; which of course, would not be desirable conditions 
for spraying. 

As opposed to dusting is the matter of cost of materials, which is con- 
siderably in favor of spraying, especially if a combined insecticide and 
fungicide is used. The question of cost however, would not be considered 
to any great extent provided the results are in favor of the dusting. 
In this regard it may be said that the results where dust has been used 
have been very satisfactory so far as injury to the foliage and fruit is con- 
cerned. Using the ordinary mixture with approximately 85 per cent of sul- 
phur, and 15 per cent of arsenate of lead, injury is practically unknown; 
while with lime-sulphur solution at the rate of one gallon to forty and 
with one pound of arsenate of lead serious injury has often occurred, par- 
ticularly if the application has been made while the trees were wet, or 
when the application is followed by several hot days. 
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- The chewing insects are certainly as well controlled by the dusting 
of the trees as by the use of the spray. And, in ordinary seasons when 
there is comparatively little injury from apple scab, it has been possible 
to control it by means of dusting. However, in some sections where rain- 
have been frequent and conditions have been favorable for the develops 
ment of the apple scab, the results from the use of dust have not been 
as satisfactory as those from spraying. 

It has been pretty well established that the effects of the dust are not 
as lasting as those of liquid applications; and hence we may infer that to 
secure equally good results it will be necessary to use the dust at more 
frequent intervals. Especial care should also be taken to cover the trees 
just before a storm. 

Thus far, although the dust apparently serves to hold the brown rot 
and scab of stone fruits in check, it has not been conclusively shown that 
the various leaf-spot diseases can be controlled with equal certainty. From 
the fact that the dust may be used with safety upon the foliage of peaches 
and Japanese plums, and since it serves so well to prevent the scab and 
brown rot, it would seem that dusting machines certainly have their place 
in peach orchards. They should also be of use in cherry orchards where it is 
sometimes necessary to make use of a fungicide a few days before the 
crop is ripe when a liquid application would be liable to spot the fruit. 


THE CONTROL OF PEACH LEAF CURL. 


The past spring had weather conditions which were very favorable 
to the development of the disease which causes the leaves of peach trees 
to thicken and roll and to which the name peach leaf-curl has been given. 
As is generally understood, this is a fungus disease for which a cold, wet 
spring is especially favorable. Whenthe weather is warm and dry little or 
no harm results. Nearly thirty years ago the writer demonstrated that 
the disease could be controlled by spraying; and, that to secure good 
results it was necessary to make the application very early in the spring, even 
before the buds have commenced to swell, and at least three weeks before 
the trees blossom. Careful experiments also showed that the spraying 
might be done in the fall with practically as good results, provided the 
leaves had dropped so that all parts of the trees could be reached. Open 
periods in the winter could also be utilized for spraying peach orchards, 
except that care was required not to allow the water in the rigs to freeze. 
Care also must be taken only to ‘spray on days when the moisture would 
evaporate before it has time to freeze. 

Either Bordeaux-mixture, copper sulphate solution at the rate of one 
to two pounds in fifty gallons of water, or lime-sulphur solution (diluted ] 
to 15) if applied at the proper time will prevent the development of this dis- 
ease. The dormant strength of lime-sulphur solution as used for San 
Jose scale would also be effectual against the peach leaf curl. 

Many of the best peach growers of Michigan who have usually kept 
their trees free from leaf-curl suffered seriously from the disease in 1919. 
They had planned to spray their trees and supposed there would be ample 
time; but, during the month of March it was so wet in most orchards as to 
make it practically impossible to get around with spray rigs. During the 
last few days of the month, the weather was unusually warm for the season 
which resulted in the swelling of the leaf-buds so that very little effect was 
secured when the spraying was done during the first half of April. On the un- 
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sprayed and late sprayed trees practically all of the leaves were attacked 
and dropped. This resulted in a very serious loss of the peach crop. 
Where the trees were thoroughly sprayed one week before the buds 
swelled there was little or no loss of foliage or fruit. 


ORCHARD AND NURSERY LEGISLATION. 


In connection with the campaign for the eradication of barberries 
some difficulty was experienced from the fact that the original law merely 
provided for the destruction of trees and shrubs infected with a dangerous 
disease. During the summer months it was a comparatively easy mat- 
ter to find infected leaves upon nearly every barberry bush, but during 
the winter it was not possible to find the infection, so that the period in 
which the campaign could be carried on, except at the sufferance of the 
owners, covered only about one-half of the year. The Federal Govern- 
ment through the U.S. Department of Agriculture had put on a quarantine 
against the shipment of practically all barberries and mahonias, except the 
Japanese, into the Central Western States in which barberry eradication 
campaigns had been carried on. The legislatures of these States in the 
spring of 1919 passed laws forbidding the growing or sale within the respect- 
ive States of any of the dangerous species of barberries and mahonias. 

House Enrolled Act No. 31 of the Michigan Legislature, Section 17a, 
makes it unlawful for any person to keep upon his premises any of the 
barberries, except Berberis Thunbergit or Berberis Japonica. 

Another provision of the same act makes it possible to take prompt 
action in case any dangerous insect or disease not found in the State is 
brought in from outside. Besides conferring authority to destroy trees 
and plants which have been attacked by insects or diseases, it 1s now 
possible to destroy trees and plants which may not be actually infested but 
the destruction of which is necessary in order to eradicate the insects 
and diseases. This provision will be especially helpful in case the gypsy 
or brown-tail moths or the European corn borer make their appearancein 
Michigan. 

Under this law, provided it becomes necessary to destroy trees and 
plants which have not become infested, the owners are to be recompensed 
for the value of the trees, plants, ete. 


INSPECTION OF MICHIGAN NURSERIES. 


The acreage of fruit nursery stock has for several years shown a con- 
siderable decrease but there has been approximately as large an increase 
in the acreage of small fruit plants and ornamentals, all of which have 
been inspected. Owing to the war conditions, the importation of trees 
and shrubs from Europe has been greatly decreased, especially in the way 
of azaleas, rhododendrons, and other stock designed for forcing in green- 
houses which formerly came from Belgium and Holland in very large 
numbers. The importation of fruit stocks from France has been practically 
as large as in previous years, and it arrived in much better condition than 
in 1918. 

Beginning with July 1, 1919, a Federal Quarantine will prevent the im- 
portation of trees and shrubs from foreign countries, except fruit trees 
and rose stocks. Provision however, has been made for bringing in new 
and rare plants for trial. The object of the quarantine is to keep out 
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dangerous insects and diseases. It was especially aimed to keep out trees 
and shrubs which are brought in with balls of earth upon the roots. These 
frequently contain a number of dangerous insects which cannot be de- 
tected by the most careful inspection unless the earth is washed from the 
roots and carefully examined. This would be fatal to the trees. 

The condition of the Michigan nursery stock, and of that imported from 
Europe has never been better, showing greater attention to the control 
of insects and diseases on the part of both Michigan and European nursery- 
men. ; 

We append to this report a list of the Michigan nurseries which have 
taken out a license, and whose stock has passed inspection; and also of 
Michigan dealers in nursery stock, and nurserymen in other states, who 
have taken out licenses to sell nursery stock in Michigan. All of these 
parties have filed certificates showing their nursery stock has passed 
inspection. 


LICENSED MICHIGAN NURSERIES, 1918-1919. 


Alferink, Albert, Holland. 

Allis & Hood, Adrian. 

Asman, C. W., Port Huron. 

Augustine & Co., Normal, III. 

Baldwin, O. A. D., Bridgman. 

Bashford, C. L., Mason. 

Basswood Center Nurseries, Ste- 
vensville. 

Behnken, J. H., Somerset Center. 

Bliss, A. W., Harbor Springs. 

Boehringer Brothers, Bay City. 

Bohl, William, Buchanan. 

Breitmeyer Landscape & Nursery 
Co., The, Detroit. 

Bridgman Nursery Co., Bridgman. 

Brooks Co., J. C., Detroit. 

Brown, D. M., Grand Rapids. 

Burgess Seed and Plant Co., Gales- 
burg. 

Campbell, Chester G., Paw Paw. 

Celery City Nurseries, Kalamazoo. 

Cole, Levant, Battle Creek. 

Collins, Ward E., Fennville. 

Coryell Nursery, The, Birming- 
ham. 

“e Wencel L., Grand Rap- 
ids. 

Curtis, L. T. & Son, Flint. 

Cutler & Downing, Benton Harbor 

Daly, Thos. W., Watervliet. 

Dunham, Enos W., Baroda. 

Dutton, Chas. H., Holland. 

Ellis, Daniel H., Saginaw. 

Emlong & Sons, Stevensville. 

Ferrand, E. & Sons Company, 
Detroit. 


Fetters, Thos. J., Harbor Springs: 

Flansburgh, C. N. & Son, Jackson- 

Frissel, Martin, Muskegon. 

Ganzhorn, Jacob, Ann Arbor. 

Gill, Mrs. Bertha M., Ypsilanti. 

Glenwood Nurseries, The, Hol- 
land. 

Greening Nursery Co., Monroe. 

yobleville Nurseries, Gobleville. 

Gustin, Chas. F., Adrian. 

Hamilton, A. & Sons, Bangor. 

Hampton, J. E., Bangor. 

Hanes, Peter, Farmington. 

Havekost, Geo. H., Monroe. 

Hawley, Geo. A., Hart. 

Helmer Farm Nursery, Battle 
Creek. 

Hemingway, Geo. R., Oak Park, 
ll. 


Hibbler, E. B., Detroit. 

Ilgenfritz, Sons’ Co., I. E., Mon- 
roe. 

Insulinde Nurseries, Kalamazoo. 

Jeffrey & Son, James, Kalamazoo. 

Kalamazoo Nurseries, Kalamazoo. 

Kalle Brothers, South Haven. 

Katzenberger, Valentine, Fosters. 

Keith Bros. Nursery, Sawyer. 

Kellogg Co., The R. M., Three 
Rivers. 

Kleinhans Floral Co., D., St. 
Louis 

Knight & Son, David, Sawyer. 

Marvin, O. F., Holton. 

Mayer, Jr., Michael, Merrill. 

Michigan Nursery Co., Monroe. 
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Merrill, W. F., South Haven. 

Miller, Abner, Bravo. 

Mutual Nurseries Co., Monroe. 

Nash, C. C., Three Rivers. 

Nelson & Son, J. A., Paw Paw. 

Newell, Reuben, Hi hland Park. 

Nieb, Daniel P., Niles. 

Niles Nursery Co., The, Niles. 

Nu-way Nurseries, Lansing. 

Orchard Lake Nurseries, Orchard 
Lake. 

Owens, Geo. B., Leslie. 

Pindar, Joseph, Detroit. 

Pitcher, W. D., Buchanan. 

Pontiac Nursery Company, De- 
troit. 

Potter, E. W. Leslie. 

Prestage, J. G., Allegan. 

Prudential Nursery Co., Kalama- 
ZOO. 

Quandt, Elmer, Dearborn. 

Rasmussin, R. J., Marlette. 

Rhodes, Alice A. & Nettie M., 

Jackson. 


Rice, Miss Greta B., Port Huroti. 

Roche, Mr. John C., Battle Creek 

Rokely, J. N., Bridgman. 

St. Joseph Nursery, The, St. 
Joseph. 

Saier, Harry E., Lansing. 

Schenck, Geo. H., Elsie. 

Schild, H. J., Ionia. 

Shepard, Chas E., Bangor. 

Smith, Henry, Grand Rapids. 

Spielman Brothers, Adrian. 

Sweet, L. H. Carsonville. 

Taft, H. A., South Haven. 

Tindall, W. F., Boyne City. 

Ward, Paul L., Hillsdale. 

Weller Nurseries, Holland. 

Weston, A. R. & Co., Bridgman. 

Whitten, C. E., Bridgman. 

Williams Brothers, Bridgman. 

Witbeck, F. M. & Son, Mill- 
burg. 

Wolcott Nurseries, Jackson. 

Wolverine Detroit Nurseries, De- 
troit. 


LICENSED DEALERS IN NURSERY STOCK, 1918-1919. 


Asman & Dunn, Detroit. 
Benton Harbor Nursery Co., Ben- 
ton Harbor. 
Boyd, Joseph B., Traverse City. 
Buskirk, C. M., Big Rapids. 
Cross, Eli, Grand Rapids. 
Srowley-Milner Company, Detroit 
Derrickson, Henry, Coldwater. 
Detroit Shade Tree Co., Detroit. 
Filer, A. C., Mt. Clemens. 
Freyling & Mendels, Grand Rap- 
ids. 
Fox, A. W., Coldwater. 
Gibson & Son, 8. B., Detroit. 
Grand Rapids Nursery Co., Grand 
Rapids. 
Grohman, the Florist, Saginaw. 
Hallman, W.8., Coloma. 
Hotchkiss, Caleb, Detroi . 
Hudson, Co., J. L., Detroit. 
Hughes, Chas. P., Hillsdale. 
Husted & Co., N. P., Lowell. 
Ilgenfritz, E. C., Detroit. 
Isbell & Co., S. M., Jackson. 


Jones’, Sons & Co., J. R., Kalama- 
ZOO. 

Knapp Company, J. R., Lansing. 

Knapp, W. F., Monroe. 

Knoch, Mrs. Gus, Detroit. 

Kresge Co., 8. 8., Detroit. 

Lohrman Seed Co., Detroit. 

Mountain Home Cemetery, Kala- 
mazoo. 

Nelson, C. A., Northport. 

Oakland Gardens Nursery, De- 
troit. 

Peterson, George, Escanaba. 

Powers & Co., Battle Creek. 

Pult, Casper J., Detroit. 

Rayl Co., T. B., Detroit. 

Smith & Co., E. M., Detroit. 

Steffer, Reinhold W., Bay City. 

Stover, F. J., Traverse City. 

Strittmatter, Adolph, Detroit. 

Trankla & Co., Chas., Grand Rap- 
ids. 


Tribolet Co., The, Coldwater. 
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Valley City Nurseries, Grand Rap- 
ids. 

Van Aken Bros., Coldwater. 

Van Bochove & Brother, G., Kala- 
mazoo. 

Vogt & Son, David, Coldwater. 

Von Boeslager, August, Mount 
Clemens. 


Walther’s Department Store, Bay 
City. 

Webb & Co., D.S8., Traverse City. 

Westgate Nursery Co., H. L., 
Monroe. 

Wise, Ralph, Plainwell. 

Woolworth & Co., F. W., Buffalo, 
INGEN 


LICENSED FOREIGN NURSERIES, 1918-1919. 


Allen Nursery Co., Rochester, 
N-Y. 

Bogue, Dewane, Batavia, N. Y. 

Brow Nursery Co., F. W., Rose 
Hall’ N.. ¥. 

Brown Brothers Co., Rochester, 
IN, Y. 

evant, Arthur & Son, Princeton, 
Ill. 

Bryant Brothers, Dansville, N. Y. 

Burr & Co., C. R., Manchester, 
Conn. 

Central New York Nursery Co., 
Geneva, N. Y. 

Charlton Nursery Co., Rochester, 
aN, oY. 

Chase Nurseries, The, Geneva, 
N.Y: 

Chase Brothers Co., Rochester, 
ING SY, 

Dreer, Henry A., Inc., Philadel- 
phia, Pa. 

Emmons & Co., Newark, N. Y. 

Fairview Nurseries, The, Roches- 
ter, N- Y:. 

Farmers’ Nursery Co., Troy, O. 

First National Nurseries, Roches- 
fier, N.Y: 

Fruit Growers’ Nurseries, New- 
ark N.Y. 

Graham Nursery Co., Rochester, 
aes Y 

Grover & Co., Frederick E., Ro- 
chester, N. Y. 

Guaranty Nursery Co., Roches- 
bene Ne. 

Harman Nursery Co., Inc., M. H.., 
Geneva, N. Y. 

Hawks Nursery Co., Wauwatosa, 
Wis. 


Heath & Co., Manchester, Conn- 

Hooker Brothers, Rochester, N. Y- 

Howe-Campbell Nursery Co., Ro- 
chester, N. Y. 

Huntsville Wholesale Nurseries, 
Huntsville, Ala. 

Jewell Nursery Co., Lake City, 
Minn. 

Knight & Bostwick, Newark, N. Y. 

La Pointe Nursery Co., Geneva, 
Nes 

Moon Co., Wm. H., Morrisville, 
Penn. 

Moore & Co., Wm. C., Newark, 
N.Y: 

Nelson & Sons, Swain, Chicago, 
Il. 

Pennsylvania Nursery Co., Girard, 
Pa. 

Perry Nursery Co., Rochester, 
INSRYS: 

Rice Brothers Co., Geneva, N. Y. 

Sonberegger Nursery & Seed 
House, Beatrice, Neb. 

Stark Nurseries and Orchards Co., 
Louisiana, Mo. 

Stewart & Co., C. W., Newark, 
N.Y: 

Taylor-& Co.,. H. S., Rochester, 
INS 


Walton, Cary A., Greenfield, Ind. 

Weeks Nursery Co., Inc., C. H., 
Lyons, N. Y. 

Western New York Nursery Co., 
Rochester, N. Y. 

Westminster Nursery, The, West- 
minster, Md. 

Wisconsin Nurseries, Union Grove, 


Wis. 


Respectfully submitted, 
E.R. Patt, 


State Inspector of Nurseries and Ordhards. 


East Lansing, June 30, 1919. 
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REPORT OF INSECTICIDE AND FUNGICIDE INSPECTION. 
ANDREW J. PatTeN AND Percy O’Mrara. 


To the State Board of Agriculture: 
During the year 1919, 74 samples of insecticide and fungicides have 
been collected and analyzed. The results are presented herewith. 


LIME-SULPHUR SOLUTIONS AND SUBSTITUTES. 


Six samples of lime-sulphur solution and a like number of the dry 
compound of lime and sulphur were collected. One sample of sodium 
sulfide solution and two of dry sodium sulfide also one sample of barium 
sulfide (““B T S’”’) were analyzed. The results of analysis are given in the 
following tables. Attention is called to the last column in the table where is 
given the amount of calcium polysulfide equivalent to the total sulfide 
sulphur found. This affords a convenient means of comparing the prob- 
able efficiency of the various samples. 


LIME SULPHUR COMPOUNDS. 


—SOLUTIONS— 
Baume Total Sulphur. 
2 DS atv SES FP 
No. Manufacturer. Found. | Guar- | Found. | Guar- | Calcium 
anteed. anteed. | Polysul- 
fide. 
OF. of of 
70 40 40 
434° |} Dow Chemical'Co:s Midland =Michier enon ce eee ee eee 32.50 33 25.05 25.0 29.96 
449 | Imperial Chemical Co., Grand Rapids, Mich......................-.. BAG Ol eeestsa vee 25.03 23.0 30.05 
460 | San-O-Cide Spray Co., Fennville, Mich................2-0000.0eeeees 33.0 32 25.95 25.0 31.10 
468 | South Haven Chemical Co., South Haven, Mich....................-- ya 32 24.38 25.0 29.86 
470|) eiweeDaly-cister Lakes Maichasnte si toncen cece roe e SORO Is sere 1S25Selee ease 19.81 
471° |) Grasselli(ChemicallCo:; Cleveland i@hior 2: &.= 5.00 ce dee ee eee S25 33 24.82 25.0 30.26 
DRY PREPARATIONS. 
447 | Detroit) White! Lead Works; Detroit; Mich) 4-050. cc c0 2 oe ce tore cleel|i-\icrs emai] clare siete « 5850 Gane 67.37 
452s) Detroitiwhite Lead Works Detrolte Machs< 10-1): s/s) sisve ate e cee aisterepofavai sl |(elers sist =l| sisrate meee DOkAGales sere 55.50 
45s poherwin-Walliams Co: Cleveland, Ohio. cieescmcccie et ciel iiaeie alee ever eens | ata ieee ie lonentcoc 62.06 
AGIs | sherwin=Williams'Co:sCleveland» Ohios os sc mn e oer cect otc eke aime ices eel] ie aicteteels Bp P Rl Kisenen se 62.37 
808: ||_sherwin=Williams\Cow.Clevelands|Ohios..2a ssn vic oh acie eters yetcotene crf ieletoreserail nc ee ele eee GIRO4 A Fein: 69 06 
S03 Dow Chemicali@om Midlands Michere scenes maker tee cn clatoicos alone (tasers anit ieee ee CPE (Atel Geiss abe 67.31 
SOLUBLE SULPHUR COMPOUNDS OTHER THAN LIME-SULPHUR. 
y Baume. Total. | Sulphur. 
: By Calcium. 
No. Name and Manufacturer. Found. | Guar- | Found. | Guar- | Polysul- 
anteed. anteed. fide 
Equiva- 
lent. 
0 € OF. 
Ae oO 40 
199 | Sulfocide—B: G..Pratt Co., New YorkCity..2...........2--.0cc--o== AAV ESA LAR vere. 30.94 30.0 36.34 
446 | SolubleSulphur Compound, Niagara Sprayer Co., Middleport, N. Y.....].......-|....---- FOL04 ate ateas 63.75 
462 | SolubleSulphur Compound, Niagara Sprayer Co., Middleport, N. Y.....]........]......-- bitte) Shi amor oe 49.14 
801s betas —Generall| Chemical Co: New: Works, Noa 2 occ cies clecccteicle eo cietel] eieistese lets |loterereiee iste ADAIG™ |evtarclctere 47.63 


——— Se nn 
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y ARSENATE OF LEAD. 


Six samples of arsenate of lead paste and nine of the powder form were 
analyzed. All of the samples contained the required amount of arsenic 
oxid and were above the guarantees made by the manufacturers. Like- 
wise all samples were well under the guarantees for soluble arsenic oxid. 
One sample, No. 429, contained water in excess of the legal standard. 


ARSENATE OF LEAD (Paste) 


Arsenic Oxid (As20s) 


Lead Oxid. = 
(PbO) 
No. Manufacturer. Mois- Total. Soluble. 
ture. = ma eae =o 
Found. | Guar. | Found. | Guar. | Found. | Guar. 
% % % % % % % 
429 | Ansbacher Insecticide Co., New York, N. Y......... 51.02 30.80 35.0 15.72 15.0 0.18 0.50 
431 | Dow ChemicalCo., Midland, Mich................ RX Vial MGB IECAD ledges eres 18.10 15.0 0.31 0.50 
197 | GrasselliChemical Co., Cleveland, Ohio.......... 30910) | S407 tal See 19.71 15.0 0.08 0.50 
455 | GrasselliChemical Co., Cleveland, Ohio........... 46250)1|no4. 30s ee ede. 16.80 | 15.00 0.11 0.50 
467 | GrasselliChemical Co., Cleveland, Ohio........... 44.23 | 36.47 Eten 15.00 0.15 0.50 
426 | Toledo Rex Spray Co., Toledo, Ohio............... 47.50 | 33.69 | 32.00 | 16.83 | 15.00 0.15 0.75 
ARSENATE OF LEAD (Dry, Powder). 
Arsenic Oxid (As205) 
Lead Oxid. 
No. Manufacturer. (PbO) 
Total. Soluble. 
Found. | Guar. | Found. | Guar. | Found. | Guar. 
Sees Oo GF GF G G7 Go 
i : 40 4/0 /O /O c /O 
464 | Corona Chemical Co., Milwaukee, Wis..>.................. GSNOCs ese 32.15 30.0 34 0.75 
807 | Corona Chemical Co., Milwaukee, Wis...................... G5AZ see eeess 32.80 30.0 0.13 0.75 
443 | Detroit White Lead Works, Detroit, Mich................... 642463 lee soe: IES 5 ee apse O2235 beet eee 
809 | Dow Chemical Co., Midland, Mich........................ (UCR lee hen 30.00 30.0 0.46 1.00 
456 | GrasselliChemical Co., Cleveland, Ohio........... } We 63A98 |" weer 32.05 31.0 0.49 0.75 
423 | Riches-Piver & Co., New York, N.Y.......:.......... ae 622708 es... 31.70 30.0 0.49 1.00 
465 | Sherwin-Williams Co.,Cleveland,Ohio.................... 6470602 ote. 30.70 30.0 0.14 1.00 
469 | Toledo Rex Spray Co., Toledo, Ohio...................... 64.36 62.0} 31.90 31.0 0.52 1.00 
804 | Toledo Rex Spray Co., Toledo, Ohio. ......... Ser ae 64.02 62.0 | 31.90 31.0} 00.57 1.00 


CALCIUM ARSENATE. 


Six samples of calcium arsenate and one sample of magnesium arsenate 
are included in the next table. Three samples, Nos. 484, 802, 805, con- 
tained less total arsenic oxid than guaranteed and two samples, Nos. 482 
and 805 contained more soluble arsenic oxid than guaranteed. 


CALCIUM ARSENATE. 


Arsenic Oxid (As2Qs). 
Caldum. Z oe ae 
Oxid. : 

No. Manufacturer. (CaO) Total. Soluble. 

Found. | Guar. | Found. | Guar. 

% % % % % 

482 | Corono Chemical Co., Milwaukee ,Wis................20ceeeceececdee 47.40 | 47.80 42.6 1.87 1.50 
806 | Corona Chemical Co., Milwaukee, Wis......... 49.45 | 46.75 42.5 0.34 1650 
445 | Detroit White Lead Works, Detroit, Mich 42.50 | 44.75 41.4 0.92 4.1 
484 | The Glidden Co., Cleveland, Ohio....... ...| 41.10 | 43.40 46.0 0.45 1.50 
419 | Riches-Piver Co., New York, N.Y.............00:0000 ...| 46.95 | 41.00 40.0 0.43 0.4 
802 | Toledo RexSpray Co., Toledo, Ohio....... Betis BeocondsaDonoons 45.00 | 38.30 41.4 0.24 1.50 
805 | Magnesium Arsenate, Dow Chemical Co., Midland, Mich............+-|ecreee0+] 32.13 33.0 1,25 0.75 
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PARIS GREEN. 


Five samples of Paris Green and one sample of ‘‘Bug Finish’’, (a mix- 
ture consisting of about 90 parts gypsum and 10 parts Paris green) were 
analyzed. All of the samples were satisfactory as regards total and soluble 
arsenious oxid. Two samples No. 425 and 430 were found to be slightly 
under weight. 


PARIS GREEN. 


Arsenious Oxid (A2sOz) 
7 a= f Copper 
No. Manufacturer. Weight. Total. Soluble. Oxid. 
(Cu O) 
Found. | Guar. | Found. yuar. | Found. quar. 
sz les eee ee Frcs oz. Oz. % % Y, % % 
425 | DeVoe & Reynolds, New York, N. Y.. Bee Pest} 8 55.7 50.0 1.68 3.50 30.0 
450 | Imperial Chemical Co., Grand Rapids, Micheaeae a 4.73 4 56.3 50.0 2.47 3.50 30.3 
428 | Fred L. Laveneburg, New York, ING Wise eae 4.31 4 55:5 50.0 1.88 3.50 29.7 
422 | Nitrate Agencies Co., New Y ork, INSVS ate cesnnisee 16.00 16 53.85 50.0 1.76 3.50 30.3 
430 | Nitrate Agencies Co., New York, N.Y.......... ae 7.66 8 54.00 50.0 1.83 3.50 28.8 
479 | Bug Finish, Michigan Gypsum Co., Grand Rapids, 
Mi Ghiganicnac. sea Non Gc LREERG sa cion. Senta ees meer oe eas 0.58 0.5 0.3) 0.35 03 


BORDEAUX MIXTURES. 


Six samples of Bordeaux mixture were collected all of which were 
found to be equivalent to guarantee in respect to the amount of copper. 
Samples No. 418 and 466 were guaranteed to contain 16 oz. net weight 
but were found to contain 11.1 oz. and 15.6 oz. respectively. 


BORDEAUX MIXTURES. 


Copper (Cu). 


No. Manufacturer. . Water. | 
Found. | Guar. 


% % % 
4635): Corona;Chemical Cor Milwaukee Wiss: - oie ceisler Recto reir ee ese eee cic iel ee araeieie neal eee 11.98 11.0 
442 | Detroit White Lead Works, Detroit, Mich 12.36 11.0 
45 Jel" GrasselliChemicaliCo-ClevelandsObio o.cec.c caidas oon a ine cee eee een ar ae ) 9.65 20 
AST.) NitrateAcenciesiCo.. New ny Ork New tae cetenn oc ceeeee eee eee seeine aoe ; 5. WE DOE | See sets 
AIS) | SRiches-PiveriCo:, New y ork, No Worcs aciecines oe ick oitine een eee : 10.25 12.50 
4665} (Sherwin-WalliamsiGo.sCleveland*Ohios..c-s4c cnet ee eee eee ene eee eee alee 12.04 11.0 


BORDEAUX-ARSENATE MIXTURES. 


Eight samples of this class were obtained and the analyses appear in 
the following table. 

All of the samples fulfilled the guarantees made by the manufacturers 
Sample No. 473 contains 39.75% lime (CaO) and No. 441 contains 74.41% 
sulphur. 

For a more complete discussion of this class of goods the reader ir se- 
ferred to Special Bulletin No. 96 published in May 1919. 
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BORDEAUX-ARSENATE MIXTURES. 


Arsenic (As) 
ae -Copper (Cu). 


No. Manufacturer ard Name. Water. Total. | Soluble. Oxid. 
eae ae 4 ee i (P b D) 


Found. | Guar. | Found. | Guar. ; Found. | Guar. 


Zi % y % / % % 
ne Insecticide Co., New York, : fe 2 i be ? ‘ 
435 | ‘‘AdhesoGreen Label”................. 53.33 6.77 5.50 0.12 0.50 3.88 3.90 22.8 
476 | “‘Adheso Green Label”................. 56.90 6.32 5.50 0.04 0.50 3.93 3.90 20.6 
436 | ‘‘Adheso Orange Label”................ 57.90 GF28 i liericcee OF0OF tose so OO) Pecceinte 20.4 
Bowker Insecticide Co., Boston, Mass 
ADE Weel OXoa cortices sineilaleele g scee isieisie Oa ties 60.25 5.18 3.42 0.05 0.75 2.43 1.50 15.95 
A Lie er VIO Ke sence hee cr nee a anes 62.75 4.85 3.42 0.07 0.75 2.07 1.50 15.60 
Re MePUTOXcceaitcn ee af ehenioenls oo hiasmcieeae 55.50 5.84 3.42 0.07 0.75 2.89 1.50 18,20 
H. J. Smith, Utica, N. Y. : 
A739 MOM Gh BALEXDO! ver, accesso tec « ciereni|amete es 11.48 | 12.9 0.15 1.00 5.19 6.00 18.54 
Niagara Sprayer Co., Middleport, N. Y. 
441 | Niagara Potato Mixture..........0.0.0-|0.0.000- Qld 1.95 0.15 0.50 Ite} 1.50 1273 


TOBACCO PRODUCTS. 
Only three samples were obtained this year. Two of these were found 
to be slightly below the guarantee for nicotine made by the manufacturer. 
The amount of deficiency is probably not sufficient to impair their ef- 


ficiency as insecticides. 
TOBACCO PRODUCTS. 


Nicotine. 
No. Manufacturer and Name. 


G C 
(a 70 
Kentucky Tcbacco F roducts Co., Louisville Co., Louisville, Ky. d i : 
432 Black eatAQ =. et occ Seen ae. TERM ee h nS so fatelt ne cree cia arate suute aa thahsteralaiets =) eanleiate te toe 38.8 40.0 
454 me NTC OSD ume Lil QUE gyn tego Pate Nn Sea eee tarat ste notes sone ae a aie Sees 39.6 40.0 
Niagara Sprayer Co., Middleyort, N.Y. 
439 pA OUACCOPD) US tires tt sresastel eine erst ori ciete NE: CIS Ie Cra to ania Doapisaile Mel oe eG Teie e Siewe niayeiatalstalons Or5Sit cae 


SMUT REMEDIES. 

Five samples of proprietary mixtures of formaldehyde solution pre- 
pared for grain treatment against smut were analyzed. The percentage 
of formaldehyde was found to vary from 24.9 to 30.6 per cent. The 
ordinary commercial formaldehyde solution (formalin) should contain 
36.8 per cent formaldehyde. 
: SMUT REMEDIES 


Formaldehyde. 
No. Manufacturer and Name. 


Found. | Guar 


Albion Chemical Works, Albion, Mich. 
475 CUT GH SSH SCG CTS a as Arete oP Ae ie aan Ce RNS he a ee ee aR eee oe S456) |e eecaec 
AntiSmut Chemical Co., North Adams, Mich. 
424 “AntiSmut” 72 ND eee ere 
812 *‘AntiSmut” 25.2 28.0 
Chemical Research Co., Kalamazoo, Mich.. - 
448 “The Origina ISmut Killer”......... ; Pe che pokes hve ee TEAr es eeisigs oid LEO) [Neen cee 
478 “TheOriginal Smut Killer”’....... SE Oa eS ECA SEES E a ETC BROS SO Dee oe aa oerione 30!6;-aseenee 
Dr. Lape Nesey. Co., Inc., Adrian, Mich. 


417 SSmutene: si vccces. POR Gp SRS ORDO Sono COREEE COsDn USD anodn Gan Ben CoD Ta nCOCOnOGLaoonbtaas 30.4 35.0 
sSMULEDES wise zac deci aes , : 
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MISCELLANEOUS MATERIALS. 


421 
aa Bug pee manufactured by Danforth Chemical Co., Leominster, Mass. Guaranteed to contain Zine Oxid 47%, Lead 
Oxid 5%. 
Resul ts found: 

INO F421 a ZanclOxid see oda. ccemaaneeee 43.60% 
Nor421 "head Oxid is... 4.0. ae eee ee 11.40% 
INOPA80rZing Oxid 52 sate cece t.. 49.40% 
Nor480! Dead Oxide). ce sce seclceet eens 9.15% 


200 Hammond’s Slug Shot, Manufactured by Hammond Slug Shot Works, Beacon, NY. Guaranteed to contain Sulphur 6%, 
Copper Bal fate don aeotine, trace, Copper Arsenite 1.50%, Crude Carbolic Acid 0.40%, Inert Ingredients 91%. 
Results found: 


Arsenic (as Metallic) =< 2... 5. o...00---2 0000 0.88% 
Soluble Arsenic (as Metallic).............. 0.09% 
Copper (Cu) Rete ose Sa me 0.34% 
Sulphursss Meco oeae ae eee 5.76% 


811 Arsenate of Zinc, Manufactured by the General Chemical Co., New York, N. Y. Guaranteed to contain Total Arsenic (a 
Metallic) 30.5%, Soluble Arsenic (as Metallic) not more than 1%. 


Results found: 
Arsenic |(as;\Metallic)Geet- -os.esse8 octets 31.46% 
Soluble Arsenic (as Metallic). ............. 0.18% 
Zinc Oxidi(ZniO) 2 ents eee 52.88% 
810 Niagara Dusting Sulphur, Manufactured by the Niagara Sprayer Co. Middleport, N. Y. Guaranteed to contain Sulphur 
9307 


e” Results found: 
Sulpliurss UNo caso e et ates ee 92.64% 


440 Niagara 31n 1 Dusting Mixture, Manufactured by the Niagara Sprayer Co., Middleport N. Y. Guaranteed to contain 
Sulphur not less than 49%, Nicotine 0.20%, Total Arsenic not less than 1.95%, Soluble Arsenic not over 0.50%. 


Results found: 
Sulphur. ce ests cee aes Soe eaeat 51.80% 


TotaliArsenic 2S See ete eee eee 3.40% As?0® 
SolubleArsente a. seein ore else 0.51% As?05 
head Oxidase eae icacccieh Sone tie 5.14% 


Nicotine Eisen jarme tenn eae eee 0.25% 


444 Niagara 90-10 Mixture, Manufactured by the Niagara Sprayer Co., Middleport, N. Y. Gauranteed to contain Sulphur not 
less than 38 Zo» Hake ata notless than 1.95%, Soluble Arsenic, not over 0.50%. 
Results found: 


Sulphur eee ce ee 89.62% 
TotalArsenicwoncc seas seco es e ee 3.40% As?05. 
BolubleArsenics (a8 os cccence cen aceneous 0.10°6 As205, 
ead Oxidasace sc cine eae teen 6.04% 


455 Cut-Worm Killer, Manufactured by the Sterling Chemical Co., Cambridge, Mass. Guaranteed to contain not less than 1% 
Arsenious Oxid nor more than 0.07% Water Soluble Arsenious Oxid. Weight 1 lb. 
Results found: 
Total Arsenious Oxid (As203).............. 1.12% 
iNet weightiound Sac. 0s. sceeeoe ee eee ee 12.4 02. 


East Lansing, June 30, 1919. 


REPORT OF THE STATE INSPECTOR OF APIARIES. 


To the Honorable, the State Board of Agriculture: 
Following is the sixth annual report of the State Inspector of Apiaries 
for the fiscal year ending June 30, 1919: 


SUMMARY OF INSPECTION WORK DURING THE YEAR. 


Muniberiot-apraries visitedss 2 ek ese See eae es ae 630 
Numiberof colonies inspected. 2.42.25. 6s a. ks eee 5270 
Number of colonies affected with American foul brood. . 536 
Number of colonies affected with European foul brood.. 670 


It is a very significant fact that for the fiscal year ending June 30, 1917 
nearly six times as much American foul-brood was found as European 
foul-brood, while during the last year there has been found more European 
foul-brood than American foul-brood. This occurs because by a closer 
study of the European foul-brood it has beenfound that much of it assumes 
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the appearance of American foul-brood. At the present time laboratory 
diagnosis is just being started and from this we hope to gain much informa- 
tion in regard to the extremely variable symptoms of European foul-brood. 
In this respect our work is unique as apparently no other State Inspec- 
tors Office is making any laboratory study of the disease. 

The recent legislature saw fit to amend the inspection law some- 
what giving the State Inspector authority to quarantine districts where 
foul-brood is epidemic. Also the appropriation was increased from 
$3,000 to $10,160. With the increased resources, it is hoped that in- 
spection service can be given to all who are in need of it. 

On July 8, 1918, Mr. D. P. Barrett enlisted, thus leaving the office 
without an experienced deputy. Mr. D. L. Ulman was secured to complete 
Mr. Barrett’s unfinished work. Mr. Barrett is again with this office 
in his usual capacity. Mr. R. H. Kelty began work as a deputyon July 1, 
1918. Mr. Kelty is doing some inspection work, but is chiefly engaged in 
the bacteriological work referred to above. 

Respectfully submitted, 
Be. KINDIG,; 
State Inspector of Apiaries 
East Lansing, Mich., June 30, 1919. 


REPORT OF THE DEPARTMENT OF METEOROLOGY. 


President F. 8. Kedzie, College. 

Dear Sir—I have the honor to submit the following report on the 
work of this department for the school year just closed: 

The usual course in meteorology was conducted during the spring term, 
thirteen students being enrolled for the subject. 

A course in meteorology was given to 54 students in the 8. A. T. C, 
during the fall term of 1918. 

- Very respectfully, 
D. A. SEELEY, 


Instructor in Meteorology 
East Lansing, June 30, 1919. 
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Monthly Meteorological Summary, Lansing, Michigan, July, 1918. 


Temperature. This month since 1863. 
as __| Precipita- Percent- 
Date. tion in | Character of age of 
inches. day, possible Mean Total 
Highest. | Lowest. Mean. sunshine. Year. tempera- | precipita- 
ture. tion. 
TSOSaies ese sccm esas: 
1b Be err 65 48 56 On ACloudyisecen ec 21 1864 74.5 1.25 
DE as: 72 45 58 0.04 | Cloudy......... 58 1865 65.6 3.91 
ai oe 84 57 70 0 | Partly Cloudy... 86 1866 (Aer 4.19 
Ave feet) 88 60 74 O3|Cloudys5-a..--0 52 1867 71.6 1.78 
i ae 83 65 74 T. | Partly Cloudy... 53 1868 77.2 1.11 
Goss ers 78 55 66 0 | Partly Cloudy... 86 1869 70.4 5.77 
{ (Saaee 71 49 60 0 | Partly Cloudy... 72 1870 74.4 8.02 
Bees es 76 44 60 0): Clears-35. 22. 3... 100 1871 70.6 3.10 
(2) eee ae 79 48 64 0 | Cloudy 68 1872 74.9 3.36 
1) Sane 73 55 64 0.21 | Cloudy......... 36 1873 70.8 5.12 
101 Lee ere 67 50 58 0.28 | Cloudy........ 31 1874 72.0 2.56 
1D ie eee 78 50 64 0 | Partly Cloudy 89 1875 69.7 2.42 
LS Mercrsteioss 81 50 66 0 | Cloudy......... 81 1876 72.5 2.10 
1 eee poe 84 53 68 0 | Partly Cloudy... 100 1877 71.4 2225 
1a ae ee 84 54 69 TS Toudyeeseoeere 67 1878 73.0 2.96 
DN Gistae'< sass 73 64 68 0.06 | Cloudy......... 5 1879 74.0 2.19 
1 (aoe 81 59 70 0 | Partly Cloudy... 67 1880 68.0 6.27 
HS ee es 82 56 69 0 | Partly Cloudy... 66 1881 73.1 1.81 
1b eee 87 53 70 Obl Clearee tera 93 1882 67.5 2.32 
Oe sate ha: 92 59 76 On| MClearea es aainee 99 1883 68.9 11.27 
7 eS eae 94 65 80 OClear’seneoee 97 1884 68.0 2.60 
Dives taenes 85 64 74 ea Cloudy ne. ee 24 1885 72.7 2.52 
OF eR erica 93 66 80 T. | Partly Cloudy... 62 1886 70.7 0.65 
A Sova aya e 91 62 76 07) Cloudyxs.<..24-. 64 1887 75.5 1.50 
DD War sbaisic te 92 71 82 T. | Partly Cloudy... 85 1888 70.5 2.40 
OS eee 94 69 82 1.36 | Partly Cloudy... 73 1889 70.2 3.41 
Di Utah siete: 3 89 68 78 T. | Partly Cloudy... 83 1890 (oil 0.92 
DOR eee 93 62 78 Ou Clear. ees 100 1891 65.3 1.88 
ORY tees 83 55 69 0.01 | Partly Cloudy... 45 1892 70.3 2.00 
DO nee aces. 07 49 60 0 | Partly Cloudy... 55 1893 @1e5 1.86 
6) (OSes 7 42 59 Os. Clearsc see 100 1894 73.2 0.86 
he 1895 70.5 1.47 
ae 1896 wes 6.73 
1897 73.8 8.49 
Mean hirhesttOmperavure tare awanideeshicne heck wisn te ae cicee eee saen 81.9 1898 70.0 1.34 
IMeanlowest tempera trey ssaees m.cntermuittercicsr. ogee abick Ge ceo ae scmecbinalen 56.4 1899 69.8 2.11 
Mfeanbem pera cure Lorin bliee: sacjeielerniay elerelatslereeiersiatinbercietsiereas stele o/ebelotie e os 69.2 1900 69.6 4.15 
Bel otal precipitatlomsonmonthie. ce errs view «cists 4 cullaie oicloe oe. v1as eisiere Seine pocorn. 1.96 1901 74.2 5.08 
1902 70.6 7.13 
1903 67.9 3.79 
WEATHER 1904 69.2 1.97 
1905 69.8 5.75 
1906 70.8 2.23 
Nir Dew ays CLEAT sacs w nstrstorcree aera lene ernest rot awl ayee eto aisle arerirete ote Se 6 1907 70.0 4.30 
Partly Cloud ygerevacvet seis retle ra (ctarsie.stassfors'alsieayo sions tees eters cena lard reversions 14 1908 U ev) 1.03 
OGIh Bee cee eee eae ner SSM al eel A oer aR a il 1009 70.0 2-56 
With QOL ormoreof precipitation’. . 6. sc. se oc owe ates oe nel cucie sens or 6 1910 71.0 1.53 
1911 71.3 1.65 
1912 69.6 5.06 
SUNSHINE 1913 70.8 2.85 
1914 71.0 1.65 
1915 67.9 9.17 
Number hourssunshine.................- ice NIT peer. ence ieice evs a: 317.0 1916 76.1 0.09 
Poscible hours Suushineses sere wacatas\e coisas sie terenie ran ona slo celadewse 464.9 1917 70.0 3.06 
fRercentage Of DOSsl DOs sar ot noe ere otra eee ne aoe eae e mia eee itlon. 68 1918 69.2 1.96 


BaromeTER—Mean, 30.02 inches; highest, 30.20 inches, on 4th; lowest, 29.74 inches, on Ist. 

TEMPERAUTRE—Highest, 94°, on 26th; lowest, 42°, on 31st; greatest daily range, 34°, on 19th; least daily range, 9°, on 16th: 
normal for month, 70.99; excess or deficiency this month, —1.7°; accumulated excess or deficiency since Janaury Ist, —344°; 
average daily, same period, —1.6°; highest in 33 years, 102°, lowest, 37°. 

PRECIPITATION (in inches)—Total amount, 1.96; normal, 3.22; excess or deficiency this month, —1.26; since January lst, —1.52; 
greatest amount in any 24 hour period, 1.36, on 26th; total snowfall, 0.0 inches. 

Winp—Prevailing direction, southwest; total movement, 2,971 miles; average hourly velocity, 4.0 miles; maximum velo- 
city 17, from northwest of Ist. : 

Dares or— Auroras, 0; fog, dense, 0; hail, 0; thunderstorms, 2, 23, 24, 26, 29; Halos: solar, 3,4, 5,8, 13; lunar, 0; frost: killing, 
0; heavy, 0;light, 8,31. 


DEWEY A. SEELEY, 
METEOROLOGIST, 
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Monthly Meteorological Summary, Lansing, Michigan, August, 1918. 


Temperature. This month since 1863. 
Precipita- Percent- |_ 
= Date. tion in Character of age of 
é inches. day. possible Mean Total 
Highest. | Lowest. Mean. sunshine. Year. tempera- | precipita- 
. ture. tion. 

DSES Ne canoes 3.00 
1 as ae 80 47 64 0 | Partly cloudy... 98 1864 70.7 0.39 
Pa Ree A 75 50 62 OUeCleartsnene coe. 71 1865 65.8 3.38 
3 73 45 59 Oni Cloudyay eee sen 44 1866 62.6 3.44 
Aas en 89 54 72 0.04.] Partly cloudy... 52 1867 69.8 1.74 
Oe ener 97 65 81 0 | Partly cloudy... 85 1868 70.3 2.42 
Gi ees 102 73 88 0 CBD eicioyrin dusts 95 1869 70.6 4.85 
(eststetire 98 70 84 On tClearse ees) 69 1870 70.1 4.53 
8.. 92 65 78 0.04 | Partly cloudy... 53 1871 71.2 1.42 
9 75 60 68 Te nCloudyaeeeeaee 21 1872 71.2 4.18 
ee 87 56 72 0 | Partlycloudy. .. 62 1873 69.5 0.80 
1 AS pen: 90 68 79 0.16 | Partlycloudy... 50 1874 69.4 1.28 
12s 90 67 78 T. | Partly cloudy... 52 1875 65.5 1.47 
Otte 96 75 86 OulCleam eas 100 1876 71.6 1.28 
14a 84 59 72 0 | Partly cloudy... 65 1877 68.5 6.57 
Lae he 85 54 70 O2|Clear. 72 F 94 1878 70.2 1.85 
16 Fae 73 61 67 0.03 | Cloudy 0 1879 70.0 1.61 
1 fap 80 58 69 0 | Partly cloudy 97 1880 68.6 6.02 
Sie Heme 82 52 67 On| BClearsascrescne 100 1881 EE 1.63 
TRO ees ae 83 50 66 OF Cleareeecasen 100 1882 69.5 5.72 
20 Scere 87 61 74 OniClears tence cee 97 1883 64.9 0.18 
De 92 66 79 0.11 | Partly cloudy... 54 1884 66.9 1.30 
PD A ee eR 89 68 78 OR eCloudyai ee 57 1885 63.6 6.75 
DOK ea oe 92 68 80 0.25 | Partly cloudy... 43 1886 69.3 4.69 
DAS Pee 86 61 74 0 | Partcloudy..... 60 6887 68.0 0.89 
DEES Sree 87 57 72 0 | Partly cloudy... 79 1888 67.6 1.87 
20M eee 85 59 72 OB eCloudyven-nee ens 61 1889 68.6 0.68 
Dee acs 84 51 68 0 | Partlycloudy. . . 75 1890 65.4 3.60 
2852 aa: 79 63 71 0.42 | Cloudy......... 15 1891 67.9 4.82 
PA) Re ee 78 54 66 On| N@learses aes 99 1892 68.3 5.12 
DUS as 80 52 66 Cloudy ensees 47 1893 68.1 0.56 
OL eee 72 50 61 0.39 | Partly cloudy 59 1894 68.8 0.00 
1895 71.2 4.64 
1896 70.0 4.73 
1897 65.9 1.69 
Mean highest temperature yssac ssiistcse orate sb occ eee eee 85.2 1898 69.0 2.73 
iMeanilowestitemperatiress- se nemo ce renee ee ee eae 59.3 1899 71.4 0.70 
Mean\temperatiretormontheene wen peace kee ene eeie 72.2 1900 73.3 2.98 
Lotalprecinitationfornmonthi.-esseee tne See eee eee ee 1.44 1901 68.4 2.49 
1902 64.2 0.68 
1903 64.3 6.73 
WEATHER 1904 65.9 3.26 
1905 69.6 3.92 
1906 73.5 4.35 
Number, daya clear aye ssclecccrctae ots cio Hoe ies eee ae ete Po ere slob 9 1907 65.5 2.87 
Partly cloudy 15 1908 68.4 3.99 
(Tot yee Seis snict fea atctoteicic orcad he RTA ee Eo eo Se ae 7 1909 71.0 1.61 
With 0.01 or more of precipitation 8 1910 68.2 1.76 
1911 68.2 1.48 
1912 65.7 2.19 
SUNSHINE. 1913 69.4 5.60 
1914 68.9 3.33 
1915 63.4 4.63 
Number;hoursofisunshines, «.co.cocicicne eee cee DER eenin cee 285.9 1916 71.0 1.58 
Bossiblehors simshine shoes. ssourasccin one eee eee ECL RES eee 430.7 1917 67.0 1.47 
Percentage Gf possible oan. wise a:cterarcisiars otaie nate Re ee area eee 66 1918 72.2 1.44 


BarOmETER—Mean, 30.00inches; highest, 30.37 inches, on 19th; lowest, 29.70inches on 4th. . 

TremPERATURE—Highest, 102°, on 6th; lowest, 45°, on 3rd; greatest daily range, 35°, on 41st; least daily range, 12°, on 16th; 
normal for month, 68.49; excess or deficiency this month, +3.8°; accumulated excess or deficiency since January Ist, —220° 
average daily, same period, —0.9°; highest in 33 years 102°, lowest, 32°. ; 

PRECIPITATION (in inches)—Total amount, 1.44; normal, 2.63; excess or deficiency this month, —1.19; since Jan. Ist., 
—2.71; greatest amountin any 24 hour period, 0.42, on 28th; total snowfall,0.0 inches. ; ° 

Winv—Prevailing direction, southwest; total movement, 3,312 miles; average hourly velocity, 4.5 miles; maximum velo- 
clty 22, from the southwest. on the 11th. 

Dares or—Auroras, 2, 24, 31; fog, dense, 0; hail, 0; thunderstorms, 4, 8, 11, 21, 23, 28, 31; Halos: solar, 1, 26, 30; lunar, 0 
Frost: killing, 0; heavy, 0; light, 0. 


DEWEY A. SEELEY, 
Meteorologist, 
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Monthly Meteorological Summary, Lansing, Mich., September, 1918. 


Temperature. ; This month since 1863. WF 
as Precipita- Percent- i cs 
Date. tion in Character of age of 
inches. day. possible Mean Total 
Highest. | Lowest. Mean. sunshine. Year. tempera- | precipita- 
5 ture. tion, 
MSGS Oy ceenns 0.89 
ie aw wee 79 48 64 Oh Clears cece 100 1864 59.6 3/53 
Pe Cn ees 76 58 67 Teal eCloudyaies atce 9 1865 67.7 4.79 
OMS Acie 76 54 65 0 | Partly cloudy... 45 1866 55.8 5.80 
Cl eS anee 58 52 55 1-42"|\'Cloudyacct eo. 0 1867 56.6 1.42 
Desens 67 46 56 0 | Partly cloudy... 75 1868 58.8 2.95 
(5S ee 70 39 54 0 | Partly cloudy... 68 1869 63.5 1.43 
ie 72 48 60 0.25 | Partlycloudy... 60 1870 63.7 2.85 
Baga eat: 75 45 60 Onli Clearer 94 1871 59.1 0.79 
ae 78 52 65 Os iCloud yA to 41 1872 62.0 bye | 
Oe sta 0. 0.2 63 41 52 0"); Clearten ee ae= 88 1873 67.4 3.50 
11 61 44 52 0:39) | (Cloudy.s..2).052 5 0 1874 62.8 1.27 
TOES se 63 48 56 0.26} Cloudy......7.. 15 1875 58.5 2.89 
Serene 5. 66 46 56 0 | Partly cloudy... 43 1876 56.3 3.65 
1, ee 74 42 58 0.04 | Partly cloudy... 62 1877 61.3 1.38 
Ibe ac: 70 50 60 0.10 | Cloudy......... 10 1878 63.2 3.41 
1G Seats. 56 43 50 O218) |. Cloudyes. ee aces 0 1897 56.2 3.19 
We sc oor 64 41 52 0 | Partly cloudy. 78 1880 55.8 3.10 
WS ei sieries. 61 42 52 0.03 OUGYscccjaxetei ce 15 1881 69.7 2.91 
OR cad oe 39 46 O05 Cloudy sec. sa..- - 16 1882 59.9 0.67 
DOR ware ee « 54 38 46 O02 i Cloudyea.-e. c- 10 1883 56.4 2204 
55 37 46 Dea eCloudyesa sem 56 1884 65.1 3.34 
60 34 47 0 | Partly cloudy... 48 1885 58.9 3:15 
69 42 56 0 | Partly cloudy... 37 1886 62.1 5.40 
Ease eroveers 62° 51 56 0.05 | Cloudy......... 21 1987 58.9 4.72 
DO tae se 65 42 54 0.12 | Partly cloudy... 56 1888 57.8 1.89 
a eevercit sic 54 34 44 0 | Partly cloudy... 87 1889 61.2 0.79 
Wetrerstarsye's 66 34 50 Ol le Clearaeiinee 100 1890 57.7. 1.67 
DRE gece 72 40 56 OnlkClearste onsen 89 1891 65.1 1.10 
3! ae aC 58 34 46 0:01 |b Cloudy.5-. 4.0 <0 36 1892 60.8 247 
DO Geane. os 54 35 44 0 | Partly cloudy... 75 1893 58.4 1.84 
Calls TAR os No Re Sthae ePeeieas] (So ciest cies eae eam ERs r et [race eee et Ie om en Ue 1894 63.7 2.59 
1895 66.6 0.85 
1896 57.6 6.73 
; 1897 62.9 0.80 
Meanthighestitemperature sti setccsiici cc ciao oho ca bite. scet Leaawio joveles 65.0 1898 63.3 3.00 
Meaniloweattemperaburescinc. ee vse n cclictaains Gocicne Von ba Moc se henee 43.3 1899 57.0 2.14 
iMeanttemperature for Months: scties se ctes oso daceicuk eens on enacc ca cnetn: 54.2 1900 63.2 0.89 
MRovaliprecipitationtormonthiierisec ce tics oo acca clise cathe clus cect abewes 2.88 1901 61.7 1.67 
1902 58.7 5.88 
1903 61.0 2.86 
WEATHER, 1904 62.0 235 
1905 63.8 3.21 
1906 67.5 0.76 
BNIM DEM OAVS CLEAL le see awa ear ate ase eee ee aia eee ee oe 5 1907 61.8 4.68 
Rartly.cl UdV Mrs ce eer acne ict oo rick Re Eee eA ESS 12 1908 66.4 0.65 
Cloudy BOS COU RE STN OC OUD nia OCI AEE aI aC ORCA Ie Dnnee 13 1909 60.4 We5L 
WathiO- Ol or more ofiprecipitation’. 2c ces 2a<0 nae oe octoc cece cs ane ccn ee 13 1910 60.2 2.74 
1911 61.5 5.05 
1912 62.7 3.33 
SUNSHINE. 1913 61.0 1.53 
1914 60.3 2.65 
1915 63.2 6.55 
Nitmbers hours sunshines.daetsnac cad asesediae ae osc ae aes an BE Toes 178.4 1916 60.4 2.17 
Hose) ble HOULS BUDA LINO SSce rms. shack cok on tien ones neh eames 374.8 1917 58.6 4.60 
Er cen base Of DOBSID] © os ches tvcrste tase arora a eee a Cee 48 1918 54.2 2.88 


BarOMETER—Mean, 30.07 inches; highest, 30.52 inches, on 10th; lowest, 29.62 inches, on 18th. 

TEMPERATURE—Highest, 79°, on Ist;lowest, 34°, on 27th; greatest daily range, 32 on 27th; least daily range, 6° on 4th; normal 
for month, 61.6°; excess or deficiency this month. —7.4°. accumulated excess or deficeiney since January Ist, —443°; average 
daily, same period, —2.6°; highest in 33 years, 99°, lowest, 21°. 3 e 

PRrectPri ATION (in inches)—Total amount, 2.88; normal, 2.62 excess or deficiency this month, -+-0.26; since January 1st, —2.45; 
greatest amount in any 24 hour period, 1.42, on 4th; total snowfall, 0.0 inches. ; c : : 

tnD—Prevailing direction, southwest; total movement, 3,478 miles; average hourly velocity, 4.8 miles. maximum velo ity 
18, from the southwest, on the 18th. “We 
Dates of—Auroras, 0; fog, dense, 0; hail, 12; thunderstorms, 7, 12, 18; Halos: solar, 2, 17; lunar, 17; frost: killing, 0 heavy, 


22, 26, 27, 29; light, 6, 17. 
DEWEY A. SEELEY, . 
Meteorologist. 
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Monthly Meteorological Summary, Lansing, Mich., October, 1918. 


Temperature. This month since 1863. 
A tro Precipita- Percent- 
Date. tion in Character of age of 
. inches. day. possible Mean Total 
Highest. | Lowest. Mean. sunshine. Year. tempera- | precipita- 
ture. tion. 

1863!) sheen 1.04 
LUPE ae oe 60 29 44 OL 10 SCloudyAees-2-.. 83 1864 45.7 1.86 
Pee 64 44 54 0.04 | Partly cloudy... 48 1865 46.5 2.76 
eee ee 61 38 50 0 lear Ore acer: 100 1866 49.5 3.57 
Ces rei 72 34 53 Os Cloudyar.eene 78 1867 50.6 2s 
Di istaieselhes 75 60 68 0.01 | Partly cloudy... 59 1868 45.2 ual 
Gerteraese me 60 44 52 Dee Cloudys css seer 0 1869 40.8 1°72 
i/SS rein 61 40 50 0 | Partly cloudy... 70 1870 52.5 2.29 
eG aoe 66 31 48 0.05 | Partly Cloudy... 73 1871 53.9 1.4” 
Qik eae: 71 47 59 OnU5s | iClear? eee 82 1872 47.4 0.67 
LOM 25 nis 73 47 60 0 | Partly Cloudy... 99 1873 44.7 1.91 
th Sens 76 51 64 0.06 | Partly cloudy... 78 1874 49.1 0.49 
LZ 73 57 65 0.01 |Partly cleudy.... 86 1875 42.9 5.81 
1S eater 65 40 52 0 | Partlycloudy... 54 1876 43.7 1.26 
1 eStore te 60 35 48 ON Clears: : 96 1877 50.8 5.69 
LSkee ee 69 35 52 0 | Partly cloudy... 61 1878 48.3 1.99 
16ers 66 43 54 OnfiClear= neem. 100 1879 57.3 1.57 
LS ei getee 77 46 62 Os Cleaneaerts ce 90 1880 46.2 2.84 
1 te ese aaa 56 37 46 ON aClear: ayer 100 1881 52.5 5.56 
19 Se ee 61 31 46 0.35 | Partly cloudy. .. 95 1882 52.7 2.64 
20 Roe 65 40 52 0.33 | Partly cloudy... 60 1883 46.2 3.66 
OA rhc aoe 59 34 46 OnRCleareee eee 100 1884 50.9 5.73 
DPE he 60 37 48 0 | Cloudy 76 1885 45.0 3.08 
Dove ast iae 56 42 49 0.44 | Cloudy......... 0 1886 52.4 0.95 
Po Geen ay 61 50 56 0.69 | Cloudy 0 1887 45.0 1.86 
20 hance as 59 48 54 0.04 | Cloudy 0 1888 45.7 3.00 
LG vata eis 55 44 50 T. | Cloudy 0 1889 44.2 0.65 
a (er 68 53 60 0.84 | Cloudy........ 5 1890 49.1 4.56 
2B: Rice sess 59 45 52 T. | Cloudy... Soe 18 1891 48.8 0.82 
PAE Sia ae 61 43 52 dt Partly cloudy . ae 69 1892 48.3 0.78 
SORE ca bee 54 38 46 0 | Partly cloudy... 91 1893 49.7 3.61 
61 a ees 43 32 38 OSLO) Cloudyxessee sont 0 1894 49.8 1.91 
1895 45.0 1.41 
1896 44.6 1.05 
1897 53.1 2.15 
Meanthighestitemperatureys suc .u os sass iether 63.4 1898 49.6 3.55 
Mean lowesttemperaturesaisasces nce Gee eee none eee oes 41-8 1899 53.2 2.68 
Mean\temperatureformonthia sien pete ee na oeine aide cree eee 52.6 1900 56.6 2-77 
sLotal precipitation top Mouth... 4. eeseec eee cite e ee a eee eee 3.21 1901 49.6 4.61 
1902 49.6 1.53 
1903 51.0 2.01 
WEATHER. 1904 48.6 1.90 
1905 50.9 LED 
1906 49.2 2.36 
Number daysclearss.c science ter tee Peo eee eee ee 7 1907 46.0 222 
Partly CLO yee acer ee ee er ace ee eee ee he 13 1908 pile) 0.82 
Cloudy. ec eo eee eee ise PS eee ice Ae aye Roe yet Sh IL 1909 46.2 0.71 
With 0.01 or more precipit: AGLON Ree ein ein eee otk TR ee eon 14 1910 51.8 2:27 
1911 48.0 5.00 
1912 50.4 3.44 
SUNSHINE. 1913 50.2 3.30 
1914 54.6 2.81 
1915 51.1 0.70 
Numbenhours sumshine st ccna eerie ac ea eee eee er eee 208.4 1916 49.7 2.53 
Possiblehours sunshiness for cin2 sere een ee enon ae pata eee 341.9 1917 41.2 3.44 
Percentage of possible. sss sew ccs aitate cake ale nrc nes eae See 61 1918 52.6 3.21 


BAROMETER— Mean, 30. O06 inches; highest, 30.44 inches, on Ist;lowest, 29.52 inches, on 28th. 

TEMPERATURE. —Highest, 77°, on 17th; lowest, 29°, on ist; greastest daily range, 38°, on 4th; least daily range, 11°,on 31st; 
normal for month, 49.0°; excess or deficiency this month, “£3.6°; accumulated excess OF deficiency since January Ist, —333°; 
average daily, same period, —1.1°; highest in 33 years, 90°; lowest, 10°. 

PRECIPITATION (in inches)—Total amcunt, 3.21; normal, "2.23 excess or deficiency this month, +0.98; since January Ist, —1.47; 
greatest amountin any 24 hour period, 0.84, on 27th; totals nowfall, 0.0inches. 

Winp—Prevailing direction, southwest; ‘total movement, 4,714 ‘miles; average hourly velccity, 6.3 miles; maximum velocity 
6.3 miles; maximum velocity 22, from the northeast, on 18th. 

Dates of—Auroras, 0; fog, dense, 8; hail, 0; thunderstorms, 0; Halos: solar, 1-4, 10, 19, 22, 30; lunar, 15; frost: killing, 1; heavy, 


0; light, 0. 
DEWEY A. SEELEY, 
Meteorologist. 
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Monthly Meteorological Summary, Lansing, Mich., November, 1918. 


Temperature. This month since 1863. 
ee Precipita- Percent- pr ee, 
Date. tion in | Character of age of ! 
inches. day. possible Mean Total 
Highest. | Lowest. Mean. sunshine. Year. | tempera- | precipita- 
ture. tion. 
1 eg eeee 39 33 36 MC LOUGYs ens cee 1 US63% |Go4 sseeren: 0.40 
Gerais do 49 29 39 OeliClear swe tae. 100 1864 37.9 4.12 
bE aie 54 40 47 0.16 | Cloudy 9 1865 38.6 0.68 
BS Saha ce 49 36 42 0 | Cloudy 8 1886 37.9 2.60 
Th ene 54 36 45 OnlkClears 2. ase: 100 1867 40.4 1,77 
1868 36.8 2.44 
ONS Saco: 61 36 48 TAC] Gar. ywrteron ten 98 1869 32,1 1.93 
cts ae 60 48 54 0.11 | Cloudy 8 1870 38.4 0.91 
Bee tron 54 48 51 132 eCloudyas. os. 10 0 1871 32.0 1:25 
ee area 53 38 46 0.02 | Cloudy eats 20 1872 29.8 0.98 
LORS ee. 7 46 29 38 0 | Partly cloudy... ° 49 1873 28.5 2.03 
1874 35.0 1.61 
GN ies 2 48 27 38 0 | Partly cloudy... 70 1875 33.0 iteihl 
1 a ee 50 Bil 40 0 | Partly cloudy... 51 1876 36.3 0.91 
SRE SAA 46 31 38 0 | Partly cloudy... 63 1877 38.2 3.67 
1D eae er 53 28 40 0 CAR Sic Nevins sibs 100 1878 36.3 2.16 
1 es Aaa 57 43 50 0 | Cloudy 10 1979 38.2 4.55 
S 1880 27.5 2.32 
16 e ers. 53 « 49 51 03259 | Cloudysvre ets 0 1881 38.2 4.09 
Vics anne 63 50 56 0.63 | Cloudy 21 1882 36.3 1.83 
ES 51 38 44 OPTS Cloudy.-2e. 5. 0 1883 38.1 3.98 
LO een ah. 43 35 39 OL2Z7 A Cloudyse pace 0 1884 34.1 1.84 
AO isrnscnte 40 34 37 0.04 | Cloudy 0 1885 37.2 2.90 
1886 33.9 1.48 
Dil irevers Notes 38 34 36 OM eCloudy...2%5 2. 0 1887 35.7 2.28 
Dae hss 34 28 31 Meat @loudysecs eat: 0 1888 38.5 3.12 
Ba Se 37 OF 32 Ouli@lear saa. eee. 74 1889 37.4 2.67 
ro aS Ree 39 24 32 OniecClearter sie 100 1890 39.1 2.30 
PTA AA 38 24 31 0 | Partly cloudy... 53 1891 34.0 3.34 
1892 34.2 1.84 
DOM ee 38 20 29 0 | Partly cloudy... 78 1893 35.6 2.19 
PY he egret aeae 44 25 34 ON NC lear. hee Fasc 100 1894 32.5 0.97 
2825 ove 49 31 40 0.24) Cloudy.........-. 2 1895 35.4 3.87 
DORR coces.: 43 29 36 T. | Partlycloudy... 35 1896 By (eal 1.05 
SUS Aaa we 35 21 28 0503:|:Cloudy..3......: 41 1897 36.5 2.94 
Deere TA | lo feicbetour cresavel| Crevetecs ce rataverellieie soot ove vetalcball store eis to aroieye I ete oke soho toe nasi Eee eee 1898 33.1 2.72 
1899 39.7 112 
1900 35.3 5.10 
iMeanthighest temperature svc ss; micistersis oteicate ce cc sieae wifes woe ooieeaioe 47.3 1901 32.8 1.21 
IMeanilowest temperature wane setccincte srateto sc eis siete slots oe ciclo: che oSeimaeoe 33.4 1902 43.0 2.46 
Mean\temperatureformonth) ss. cmc tsietecisictieites cetenes clone ease emiacsee cote 40.4 1903 34.0 1.45 
Motabprecipitationtormonthy..ca ta ses fete cis ete we cropsie’s Oers,cioee scleciin ce cle te Se22 1904 40.0 0.04 
1905 35.8 2.20 
WEATHER. 1906 37.0 2.66 
1907 36.0 1.83 
Nt ber/dayare! ear Ae vers trun ercie: tetera toitee st avostuc = astie oSheioilecoict alia ovchavo clomsterais tetwlop aves of 1908 38.2 1.82 
Par tlie] OUdy ter ccrct eee eee eae whee eos ate Po aetana ie eine one 7 1909 44.5 3.74 
COI GM RRO A no HOSE ae here RID Aor TIA ERENCE a ete Te ee 16 1910 34.0 1237, 
With O!0lormnoreiprecipitationen. 4. cissncen ecient r sce oe ieme eco nnlne 1l 1911 33.8 3.40 
: 1912 38.6 2.86 
1913 41.7 2.38 
SUNSHINE. 1914 37.6 1.40 
1915 39.8 2.23 
Numberhourp sunshinie:ercas ee se eetrssiciac ciclo etic cine ob here cic 116.0 1916 38.0 1.68 
Rossiblelhours sunshines:,ssee coe ee koe eee acest ic ae sale cteeronlce wean oat 292.1 1917 35.8 0.82 
Percentage of possible 40 1918 40.04 3:22 


BarometeR—Mean, 30.01 inches; Highest, 30.50 inches, on 11th; Lowest, 29.12 inches, on 28th. 

TreMPERATURE—Highest, 63°, on 17th; lowest, 20°, on 26th; greatest daily range, 25°, on 14th: least daily range, 4° on 16th 
normial for month, 36.8°; excess or deficiency this month, +3.6°;accumulated excess or deficiency since January Ist, —249°; 
average daily, same period, —0.7°; highestin 33 years, 72°, lowest, 0 . d 

PRECIPITATION (ininches)—Total amount. 3.22; normal, 2.41; excess or deficiency this month, +0.81; since January lst, —0.66. 
greatest amountin any 24 hour period. 1.36, on 7th and 8th; total snowfall, 0.3inches. ; . : 

Winp—Prevailing direction, southwest; total movement, 5,366 miles; average hourly velocity, 7.5 miles; maximum velocity 
36, from the southwest, on 28th. TP 

Dates of—Auroras, 0; fog dense, 0; hail,0; sleet, 0; thunderstorms, 17; Halos, solar, 12; lunar, 0 frost: killing, 0; heavy, 0; 


light, 0. 


DEWEY A. SEELEY, 
Meteorologist 
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Monthly Meteorological Summary, Lansing, Mich., December, 1918. 


Temperature. A Thismonth since 1863. 
AoE Precipita- Percent- at 
Date. tion in Character of age of 
inches, day. possible Mean Total 
Highest. | Lowest. Mean. sunshine. Year. tempera- | precipita- 
ture. tion. 
A: ete 35 14 24 Th Cloudge. cen 0 VSES Ale ce tee 1.71 
Ae Soe 38 29 34 0.025 |;Cloudy=- =. 0 1864 24.4 3.20 
ee oe 36 27 32 Osa Cloudyse-oeceee 0 1865 26.7 1.43 
An ec 30 28 29 0:02" "Cloudys. 0 1866 Pits) 1.90 
ie eon 38 27 32 0) |eCloudyen.s 0 1867 25.3 1.34 
GA eae 36 29 32 OuleCloudye tare 70 1868 21.2 ests 
1869 28.2 2.11 
soob eae 48 31 40 OvlWClenre ween 63 1870 24.8 2.57 
Bee ceme: 53 32 42 OnitCleariae eee. 73 1871 led 1.76 
Dh comets 42 31 _ 36 Oras |e Cloudy... 4 1872 15.7 1.06 
Ou ae 35 30 32 0.34 | Cloudy......... 0 1873 29.5 3.02 
: 1874 27.0 0.37 
if Ee eee 44 32 38 0.01 | Partly cloudy... 42 1875 31.6 2.80 
1p eee aert 42 29 36 O25 Cloudy os. 71 1876 15.2 1.29 
NSS evs care 45 36 40 0.55 | Cloudy 0 1877 36.6 1.03 
1 gee 41 36 38 O-14seCloudyais-2 0 1878 21.3 2.27 
15: Ses: 42 30 36 0 | Partly cloudy... 52 1879 27.5 3.55 
: 1880 vie 0.85 
46 29 38 0: )iClear-we. 5.03.2 100 1881 34.3 1.75 
42 28 35 0 68 1882 24.8 0.88 
32 27 30 0 0 1883 26.4 1.28 
50 29 40 0 78 1884 24.7 4.15 
20 aceon 47 36 42 0.02 0 1885 27.8 2.14 
1886 19.7 1.56 
) Ree 50 44 47 0:9 7a nCloudysssen..-e 0 1887 27.3 3.32 
DAG aa 54 40 47 0.02 | Cloudy........ 21 1888 30.4 1.20 
DSi oe 40 28 34 0} Cloudy......... 13 1889 36.8 2.61 
Wh cect 30 28 29 0.74 | Cloudy......... 0 1890 26.4 1.12 
Aan eee Garces 28 9 18 OMtt Cleans socace 78 1891 34.6 1.47 
1892 25.6 1.52 
26s beciaoas 29 16 22 0] Cloudy:...=.... 16 1893 27.6 2.28 
ye Sie 29 13 21 Ae Cloudy sss. 30 1894 30.1 0.93 
Doiron 25 2 14 T. | Partly cloudy... 71 1895 28.5 5.39 
20:8 23 19 21 0.01 OUdY A d.c5 foe 0 1896 28.1 0.80 
a0 eeec5e 34 22 28 Onl *Cloudy een. 29 1897 25.6 2.02 
OLieteees 36 30 33 0.10 | Cloudy......... 0 1898 24.8 1.42 
1899 25.0 1.51 
a 1900 26.7 0.50 
1901 21.6 3.00 
Mean highest temperature...............- Soe Des SSE ESAS SMa Ma Ase ote 38.7 1902 24.8 2.89 
Mean lowest temperature: 3.4.22 scicce cw ass core cea spent t cies canoe sete 27.1 1903 19.7 1375 
Meanitemperature for months. 3-2. 5:%- 2 -ceeee sees orator ceas tes se beenee 32.9 1904 "Jo ~~ 2157. 1.42 
Lotaliprecipitationton months sister jose eee oie e etre ete ees 3.61 1905 30.2 2.54 
1906 26.8 1.85 
WEATHER, 1907 22:7 4.19 
1908 26.4 2.08 
Number daysclear............. Bee eee FE ae Ee Gite tnt tra noDOEe 5 1909 23.0 2.91 
Partly, cloud yee ee eee ee en ae ae ee Ean eee 4 1910 21.6 1.28 
Clond y eieiae terres dedi see tan 5 Sie chatSpebcts.avaval Luba Pxteteb tee ei scaaeaes mee anes 22 1911 Bit ae 1.58 
With O*0Lor:more of precipitatiolic-sesecets ca. cena eee Ree eee 16 1912 31.0 1.20 
1913 31.8 0.55 
SUNSHINE. 1914 21:6 1.57 
1915 24.8 1.01 
Number hourspunshine see aces noche ts teat Ete aU eta arin ene aioe 79.4 1916 PDP fe PLM 
Possibleshourseupshine sehen as. ean sects sec eerie Me a oo toreists 280.8 1917 19.1 0.74 
Percentage OfPOsst oles .ss syetersssroce's: Hee, ciate rela See ode er Bd Sera he ape ra ey era onets 28 1918 32.9: 3 61 


BaROMETER—Mean, 30.05 inches; highest, 30.62 inches, on 18th; lowest, 29.48 inches, on 3rd. 

TEMPERATURE—Highest, 54°, on 22nd; lowest, 2°, on 28th; greatest daily range, 23°, on 28th; least daily range, 2°, on 24th; 
normal for month, 26.8°; excess or deficiency this month, +6.1°; accumulated extess or deficiency since January, Ist, —39 ; 
average daily, same period, —0.1°; highest in 33 years, 62°, lowest, —24°. 

PRECIPITATION (ininches)—Total amount, 3.61; normal, 2.08; excess or deficiency this month, + 1.53; since January Ist, +-0.87; 
greatest amount in any 24 hour period, 0.97, on 21st and 22nd; total snowfall, 10.0inches. eR F 

Winp—FPreyailing direction, southwest; total movement, 4,875 miles; average hourly velocity, 6.6 miles; maximim velocity 
25,from the northwest on the 5th. er 
\ Damas OF UEOTaS, 7, 8; fog, dense, 31; hail, 0; sleet, 12, 13; thunderstorms, 0; Halos: solar, 7, 12, 17; lunar, 0; frost: killing, 0; 

eavy, 0; ght, 0. 


DEWEY A. SEELEY, | 
Meteorologist. 
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Monthly Meteorological Summary, Lansing, Mich., January, 1919. 


Temperature. This month since 1863. 
r Precipita- Percent- 
Date. tion in Character of age of 
inches. day. possible Mean Total 
Highest. | Lowest. Mean. sunshine. Year. tempera- | precipita- 
ture. tion. 
1 ee CREE 35 20 28 0%06))|- Cloudy... sce..02. 0 1863 [ib 7 oo eee ee 
Dea ie ac! 20 9 14 O30" eCloudys ose -..7-7- 1864 22.3 0.94 
SER 9 —2 4 OnliClearseets s.r 100 1865 21.1 0.65 
Ae ae 13 —1 6 T. | Partly cloudy... 90 1866 Die 2.03 
Die eee 19 —|l 9 Te (Cloudy. .2..).-. 2: 14 1867 17.6 1.68 
1868 19.0 1.47 
Geen eee 28 18 23 0.03 LZ 1869 29.5 0.87 
1 fr Sate 33 27 30 0.01 4 1870 25.4 1.93 
ee 29 21 25 0.01 0 1871 24.8 3.95 
Oe as 3l 10 20 0.02 92 1872 21.6 0.42 
OR cst 33 13 23 0 96 1873 15.9 2.98 
1874 PH fer 3.53 
1a ieee ay 25 10 18 0 88 1875 12.9 1.81 
1D) Oe ee 33 10 22 0 47 1876 30.2 1.63 
1b) ee oe 40 31 36 0 42 1877 18.1 1.33 
10 eee 34 28 31 Tr 0 1878 29.1 1.12 
Oi aan eae 38 27 32 0 | Partly cloudy... 64 1879 19.2 0.49 
1880 37.1 2.67 
AGES S925 41 31 36 0 | Partly cloudy... 88 1881 17.0 2297, 
LE ae 43 31 37 0 | Partly cloudy... 66 1882 24.9 1.47 
tb aes 42 31 36 0.02 | Partly cloudy... 48 1883 14.4 1.53 
LDS Pooce 32 29 30 OFeCloudys.--.ee 0 1884 15.5 1.23 
4 a es 35 29 32 0) (Cloudy.s 6 se0cs 14 1885 15:3 2.70 
1886 18.8 2.66 
21S a 52 35 44 0 | Partly cloudy... 67 1887 18.2 3225 
DO ere cies 44 36 40 0.02" |: Cloudy.......... 23 1888 15.4 2.18 
DBR cars sie 44 33 38 O.17-]' Cloudy... 2.- =. - 0 1889 28.0 1.53 
7) Sere 41 30 36 0 | Partlycloudy... 70 1890 31.5 2.31 
Yai eae 46 30 38 T. | Partly cloudy... 66 1891 26.7 0.82 
1892 19.2 0.96 
26S as 44 29 36 OuliClearst.cceces 100 1893 14.8 1.78 
Zlit scee 48 28 38 0 | Partlycloudy... 82 1894 26.9 1:37 
104 eae ree 36 25 30 0.01 | Cloudy......... 0 1895 17.5 1.04 
DORR en ote 32 25 28 T. | Cloudy......... 8 1896 24.6 0.79 
ol Beater 41 28 34 0 (cen odoeaone 100 1897 22.3 - 4.17 
1 Le eee 34 20 27 Og) s Clears acces 100 1898 24.9 3.07 
1899 21.7 2.08 
rar 1900 25.6 3 
1901 22.2 1.51 
MeamhighesttemperaLuretin 2..0cc ease coe occ itomeiahie sees saaonios 34.7 1902 20.5 0.43 
Meanlowesttempera ture scence cna see te ier ce orn eas ceca 2253 1903 20.7 1.20 
Meambemnera buretOr month specs erence eet as ee clare cen ene 28.5 1904 14.4 2.82 
LOtalprecipiLavlondor WON bh seen eee ee eee cidenics eo ea en ene 0.36 1905 18.2 1.07 
1906 31.8 1.99 
WEATHER. 1907 23.2 3.97 
1908 23.8 1.89 
Wimberdaysieleansrecy caaamt-eye atceicien ceclote oe ans eo aS Uf 1909 26.6 2.16 
IRATULY. CLOG Vater oie ects chiens a Sets tees ste OE co anes 9 1910 23.4 2.52 
OTC aan eh eee as pen te Pa tora a cr 15 1911 25:2 1.43 
WaithO:0lonmore of precipitation’. -- ssn. soc ste osnistccnc tc renste lee 10 1912 9.2 0.80 
1913 26.2 3.10 
SUNSHINE. 1914 27.0 2.98 
1915 20.4 1.54 
Number hours'sunshiness ces... on aeccie w dle cs so Aula s «lj Lee 140.7 1916 27.6 3.11 
Possible hourssunshine................. pny: en a yey earns 292.5 1917 21.0 AC5D 
Percentage ObpORSI DIO son os taet cent Meas seein otante hu dos ten. cue otan one. 48 1918 10.2 2.08 
> 1919 28.5 0.36 


BaromeTER—Mean 30.04 inches; highest, 30.57 inches, on 11th; lowest, 29.54 inches, on 1st. ; 

TeMPERATURE—Highest, 52°, on 21st; lowest, —2°, on 3rd; greatest daily range, 23°, on 12th; least daily range, 35 on 19th; 
normal for month, 22.7°; excess or deficiency this month, +5.8°; accumulated excess or deficiency since January Ist, +1899. 
average daily, same period, +-5.8°; highest in 34 years, 63°; lowest, —26°. ‘ ee 

PRECIPITATION (in inches)—Total amount, 0.36; normal, 2.09; excess or deficiency this month, —1.73; since ‘January Ist, 
—1.73; greatest amount in any 24 hour period, 0.19 on 22nd and 28rd; total snowfall, 1.3in. | ; - : 

Winp—Preyailing direction, southwest; total movement, 5,867 miles; average hourly velocity 7.9 miles; maximum velocity 
26, from the west, on the 10th. 

_Dates or—Auroras, 0; fog, dense, 20, 22; hail, 0; sleet, 18; thunderstorms, 0; Halos: solar, 12, '16, 21; lunar, 12; frost: 

killing, 0; heavy, 0; light, 0. 


DEWEY A. SEELEY, ’ 
Meteorologist. 
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Monthly Meteorological Summary, Lansing, Mich., February, 1919. 
Temperature. This month since 1863. 
As Precipita- Percent=\ Misa Sees 
Date. tion in Character of age of 
inches. day. possible Mean Total 
Highest. | Lowest. Mean. sunshine. Year tempera- | precipita- 
ture. tion. 
32 17 24 0 | Partly cloudy... 89 ABGSU) iets erate nt feels amet 
35 16 26 0 | Partly cloudy... 85 1864 27.3 0.27 
44 28 36 0.06 | Cloudy......... 23 1865 27.6 1.76 
42 19 30 Te Cloudy=.5 5235 i 1866 Phar f 2.28 
26. 15 20 T. | Partly cloudy 77 1867 30.9 3.23 
UE Rane 30 14 22 One Clears aortas. sc 100 1868 18.7 1.28 
LSA amet 31 12 22 OsliClears se.3 <2 se 100 1869 26.7 2.95 
Sees 28 14 21 eon Cloudy Acree cee 33 1870 24.2 1.20 
OF sees ees 30 13 22 T. | Partly cloudy... 95 
LOT ee 31 6 18 0 | Partlycloudy... 100 1871 25.6 1763 
1872 21.3 0.46 
1 i Oe ere, 33 25 29 02027 |i Cloudyseec acces 4 1873 19.1 0.77 
12 eeccies 35 28 32 Ofl Cloudy xaseeee 0 1874 25.5 1.55 
1 Ee eee 39 32 36 0.39 | Cloudy..:...... 0 1875 8.0 2.20 
LE Re eee: 39 33 36 OQ Cloudyes eee 1 1876 27.4 3.04 
Ise 33 22 28 O03 ai" Cloudy=se-.. 25. 32 1876 32.3 0.00 
Geese 30 24 27 Te |tCloudyzceassse- 39 1878 28.1 2.74 
UR Rema t 32 25 28 0.04 | Cloudy......... 0 1879 20.4 1.43 
1 Braet 34 20 27 0 | Partly cloudy 100 1880 29.2 1.62 
1 ee 33 13 23 0 lear ee sce. 100 1881 21.6 Si7ire 
0 reine cioe 34 20 27 0.04 | Cloudy......... 47 1882 sui 2.28 
DY eerste 37 30 34 0.01 | Cloudy......... 0 1883 19.8 4.50 
DEEN eye cle 38 32 35 0.33 | Cloudy.-....... 0 1884 23.4 3.69 
23 acest 37 30 34 ie OT Acoppaane 3 1885 8.9 0.73 
AR teers 41 26 34 0 | Cloudy 78 1886 22.3 1.35 
DO oaawiasicle 37 14 26 0.09 | Cloudy........: 1 1887 24.3 5.71 
2Bece cece 18 9 14 Peele Clondyecenceocs 74 1888 22.0 1.70 
Diiaedeiee 25 ll 18 ONO ACloudy~72 2 essen 37 1889 18.3 Lieve 
0. 7 1890 31.5 1.79 
1891 26.7 2.20 
1892 27.3 1.93 
1893 21.3 1.83 
1894 PAL 0.53 
1895 16.4 0.12 
Meamhichest temperatures tiie sce tn rey atennnie it icofsies os Sheree nem vance sire 33.9 1896 24.3 Tsai 
Mean\lowest temperature nancies none hao en oe Leen Sees nee 20.2 1897 26.4 0.67 
Mean'temperature for montbs..acet cca nnee ae ee eee ete cares ase dae 27.0 1898 23.8 1.82 
Totaliprecipitationformontiects fee acer ee aoe ae eee 1.50 1899 16.8 1.51 
1900 17.4 3.44 
1901 12.8 1.83 
WEATHER. 1902 18.6 0.44 
1903 20.6 1.58 
Num ber-daysiel Car yc i557 08 oe crawls « eaeaieie oictethe ec ie a e Roo TE eee REET 3 1904 12.0 3.30 
Partl ycloudyew owas cn ue ose eo one ace. Oe Se Poe 6 1905 15.8 1.25 
(OCI BOOS AO AR Orta ene nO tn ean are RnOr saan ania AAs ta SSO saa cad nus 19 1906 23.6 1.12 
WaithiO!Ollor more of precipitation.» esses nee eee eee eet eae 12 1907 19.2 0.25 
1908 21.6 3.19 
SUNSHINE. 1909 28.4 2.36 
1910 21.9 2.65 
Numberjhonrs sunshine? ssc yiccieis,ce cee oor ee ee EEE Ene Pee Geir 128.1 1911 27.6 1.77 
Possible hours sunshine. .... . A te ects hos noadadcane cecadabnene 295 .2 1912 15.8 2.04 
Percentageofnorsiblesst cnn a. co. hone acces cae Rehr cone ence 43 1913 20.0 1.65 
1914 1237. 0.79 
BAROMETER 1915 29.4 2.10 
1916 19.2 0.69 
Mean’ 29:97snchies sac merci cial cictais ts oie wis rewieta revels 0 avae eis tera ales eictolnte afore) State 1917 15.5 0.62 
Highest330%67nechessongl Othavete tee crores cul none some sts ieieoremiterets 1918 21.8 3.04 
howest,29)2 Ontiches somthin eetcesetaceie «aioe es icle)n\= aieiaicia el nieeeieeivicietateteiaicle 1919 27.0 1.50 


BaromeTer—Mean, 29.97; inches; highest, 30.67 inches, on 19th; lowest, 29.20 inches, on 14th, 

TEMPERATURE—Highest,45°, on 28tk; lowest, 6°, on 10th; greatest daily range, 28°, on 28th; least daily range, 6°, on 14th; 
normal for month, 21.6°; excess or deficiency this month, +5.1°; accumulated excess or deficiency since January Ist, +344°5 
average daily, same period, +5.8°; highest.in 34 years, 62°, lowest, —25°. 

PRECIPITATION (in inches)—Total amount, 1.50; normal, 2.02; excess or deficiency this month, —0.52; since January Ist, —2.25. 
Greatest amount in any 24 hour period, 0.43 on 13th and 14th. Total snowfall, 2.1 in. - ; : 

Winp—Prevailing direction, west; total movement, 5,207 miles; average hourly velocity, 7.7 miles; maximum velocity 34, from 
the southwest, on 28th. coma 

Darrs or—Auroras, 0; hail, 28; sleet, 25; thunderstorms, 13, 28; Halos: solar, 2, 7, 19, 20, 24; lunar, 0; Frost: killing, 0; 
heavy 0; light, 0. 


DEWEY A. SEELEY, : 
Meteorologist. 
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Monthly Meteorological Summary, Lansing, Mich., March, 1919. 


Temperature. 


153 


This month since 1863. 


BaROMETER—Mean, 30.19 inches; highest, 30.69 inches, on 22nd; lowest, 29.55 inches, on 9th. Q 
TEMPERATURE—66°, on 16th; lowest, 9°, on 16th; greatest daily range, 31°, on 20th; least daily range, 6° on Ist; 
normal for month, 32.3°; excess or deficiency this month, +1.5°; accumulated excess or deficiency since January Ist, +-376°; 


average daily, same period, +-4.2°; highest in 34 years, 82°; lowest, —12°. 


ae Precipita- Percent- 
Date. ; tion in Character of age of 

inches. day. possible Mean Total 
Highest. | Lowest. Mean. sunshine. Year. tempera- | precipita- 

ture. tion. 
i [eee eee 23 17 20 TS Cloudyacncas ore 57 PS Goa ee. < acta Ao,<|| aeons 
a a sehs 36 21 28 On| Cloudy:s sea. < 51 1864 37.1 2.26 
Bae See 49 23 36 0 | Partly cloudy. . . 100 1865 37.0 2.79 
Cane 48 22, 35 0:40) |sCloudyi27.25:..07 6 1866 Nya | 3 39 
Lippateace 27 14 20 0203.4) (Cloudys... 21.2 69 1867 29.7 0.68 
1868 37.8 4.65 
Gee: 25 9 17 T. | Partly cloudy. .. 70 1869 27.6 1.65 
ogee 33 13 23 0 | Partly cloudy... 78 1870 30.3 3.01 
She o* 35 19 20 0.30 | Partly cloudy... 51 1871 38.2 3.91 
Une aeene 35 24 30 Le Cloudysene ccs er 41 1872 24.8 2.04 
LOD ace 36 20 28 OF0L |iCloudyzs.... 2: 23 1873 28.3 Ley} 
1874 6Y7203 1.79 
1 age 38 24 31 OblkGlears Sa acess 100 1875 26.2 1.02 
I2e see cee 46 23 34 On| E Clears eee 100 1876 30.6 4.84 
IS eee ce: 37 23 30 Te liCloudys-sncsse 2 1877 24.5 5.60 
NAS oe ees s 33 20 26 OsCloudyeeese cae. 56 1878 40.9 3.12 
LBE Mace: 49 33 41 O:560 1 Cloudys. -<.. 0 1879 33.2 157 
1880 35.5 1.70 
IGhes aot 66 49 58 022311] Cloudysns ones 31 1881 30.3 2.66 
| eee 56 32 44 0.39 | ‘Cloudy..:...... 0 1882 36.0 3.58 
LSeRe hen: 43 29 36 0 | Partly cloudy 61 1883 24.9 0.71 
OO eese 54 28 41 0 lear ts sis cice ne 100 1884 29.9 3.67 
LOE oo: 62 31 46 ONlClears hs 5.2- 100 1885 21.3 0.58 
1886 31.3 2.63 
7 emir 40 45) 32 0 | Partly cloudy 33. 1887 28.3 1.78 
PPA ee ree 43 23 33 0 CAPR a anscss 100 1888 27.0 1.88 
BO ecm: 53 23 38 ONS Clearvse. nacre: 100 1889 37.6 L222 
OT oe 54 3l 42 0 | Partly cloudy. .. 87 1890 28.2 1.54 
DD Gee ec. 63 35 49 0 | Partly cloudy... 82 1891 29.3 2.41 
1892 29.9 1.31 
26 esc 58 3e 46 0.08 | Cloudy. 0 1893 28.2 2.82 
74 eee 37 24 30 OnCloudyes. s-. 53 1894 40.1 1.25 
Bis exaoveraye 40 21 30 OClears ese a. 100 1895 27.2 0.27 
29 ie ces 44 26 35 ORTON ACleara eae eee 86 1896 28.7 1.31 
BO ne tece ss 34 26 30 0.18 | Cloudy......... 31 1897 33.0 2.08 
6) ee ae 3d 20 28 Onin Clearteeec: se: 98 1898 37.0 3.59 
1899 26.3 3.30 
1900 23 .6 1.88 
1901 31.1 2.94 
iMeanihighest: temperatures jas. sc s asleeceisicis esieereicleisie een sate cieleiae oromelereve 43.0 1902 38.0 3.16 
A Mean'lowest temperatures Sess os cecil cs emis vcccloie.Soieteetinseais oes Guleieieers 24.5 1903 41.0 1.25 
Meanstemperature for monthinns cnn cecin slenet oe tle selene cise cyto sie 33.8 1904 30.2 3.45 
otal precipltattoniocmponthe-ner ast merece eee mene on cinoe enor ccice 3.48 1905 35.4 S215 
1906 26.2 1.86 
1907 38.6 2.84 
WEATHER. 1908 34.8 2.19 
1909 29.9 0.99 
ON tun ber dal ys Cl care ereterccarsts cde oie lore cce ocean iavara ate cis Sraloho eel erates 9 1910 44.0 0.40 
DDAT ELV, CLOUCL Ys tet rooney eae ee eine erent ise eects 8 1911 BYES 1.21 
Cloudy 14 1912 22.4 1.92 
With 0.01 or more of precipitation 11 1913 31.0 3.76 
1914 31.1 1.52 
1915 30.1 0.78 
1916 26.2 3.09 
INimiber/hours Sunshine v5 ieee ayactacte oot ah istos rie oso Se crete cree ooiwevercle ane Viele 223 .8 1917 34.6 2.88 
Rossipl eihOurs SUNSHINE races, ohi ois Dorie ee Co taeetin etl Soriano Te 370.5 1918 37.1 3.58 
PEC CENLAMCOLPOSSIDL Oem asain ciecinicie senior cote eaclmieehisanionle sirens 60 1919 33.8 3.48 


PRECIPITATION (in inches)—Total amount, 3.48; normal, 2.26; excess or deficiency this month, +1.22-since January Ist, —1.03; 


greatest amount in any 24 hour period, 1.41, on 8th and 9th; total snowfall, 22.2 inches. 


Wino—Prevailing direction, southwest; total movement, 5,838 miles; average hourly velocity, 7.8 miles. Maximum velocity 


24, from the southwest, on 17th. 


Dates or—Auroras, 19, 20; Hail, 0; sleet, 4, 18; thunderstorms, 0; Halos, solar, 2, 3, 6, 7, 8, 9, 16, 23; lunar, 12, 13; Frost: 


killing, 0; heavy, 0; light,0. 


DEWEY A. SEELEY, 


Meteorologist. 
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Monthly Meteorological Summary, Lansing, Mich., April, 1919. 
Temperature. This month since 1863. 
ie ib __ | Precipita- Percen t=" |Loss Ee a Sh 
Date, tion in Character of age of 
inches. day. possible Mean Total 
Highest. | Lowest. Mean. sunshine. Year tempera- | precipita- 
ture. tion. 

Date 35 17 26 ON CTear sce scene 100 USGS) let aes soe dae Sooo 
PA aie 49 23 36 0 | Partly cloudy. .. 100 1864 45.9 3.80 
Seis a 45 35 40 0516) | (Gloudyze.4-4- 0 1865 47.4 Zeon 
1 CES 51 41 46 OWstCloudyaoseneons 13 1866 48.9 1.40 
Dinas we 61 40 50 Tom Cloudyeanaccccr 49 1867 48.2 2.19 
1868 43.7 1.83 
(Keowee 73 48 60 F095 |" Clearterae. cen 91 1869 45.7 3.42 
fe ate 61 44 52 03707 |" Cloudy: 3. 5.06 35 1870 50.4 2.02 
4 Be ESE 73 45 59 0/03" | Cloudy.2:...... 65 1871 49.8 2.97 
LUE ae oe 66 45 56 Of26n | pCloudyseccaoece 32 1872 47.4 1.26 
OR cee 66 42 54 0.28 10 1873 43.2 3.88 
1874 36.9 1.67 
1h babar ra eere 43 41 42 Tr 0 1875 41.1 0.61 
Dire eects 44 37 40 0.01 0 1876 44.2 2.08 
US rennin Lyi 36 46 0 at 82 1877 46.2 4.14 
Lae ee fee 53 38 46 0.02 | Cloudy......... 11 1878 50.6 3.76 
15 Se seats 38 32 35 TA MN CHOC KE SRSA 0 1879 44.8 1.25 
1880 45.9 7.06 
GBR 43 35 39 OMRTe iC loudyacne eee 4 1881 45.6 1.73 
1 sees 2 45 36 40 02045 |8Cloudyei.e 7 1882 44.7 1.88 
1 Ee eee iar 56 32 44 0°) "@lear= 7... ; 100 1883 43.5 1.90 
ORM foe 64 35 50 Os|sCloudys5-ce. 88 1884 43.7 1.95 
[ie ha ies = 66 40 53 0.04 | Partly cloudy... 68 1885 43.6 2.47 
1886 50.2 1.99 
Dn re 62 on 47 On aCleartie tart 10 1887 45.4 0.90 
DD eee 67 37 52 0 | Partly cloudy... 57 1888 44.0 eo 
DOSS sicwstets is 57 37 47 08345 |i Cloudyaece: eee 22 1889 46.0 2.02 
DE xMen atts 40 25 32 T. | Partly cloudy... 52 1890 47.2 3.20 
Ook 43 24 34 TiC lear joc. sce 94 1891 47.4 1.74 
1892 44.5 2.04 
DA en a eee 57 29 43 Oa *Clear eaten oe 100 1893 43.5 4.81 
PH fet Sees 55 27 41 Oe | Cloudy... 44 1894 48.4 2.76 
DOinsaactee 54 38 46 0.11 | Cloudy...... 15 1895 “48.6 0.67 
Os te 54 32 43 0 | Partly cloudy... 82 1896 52.6 Dds 
Se adnes 55 35 45 Tes |e Cloudyancee ee 16 1897 41.6 2.74 
Bf Se NA Se cre aL 8 am eeret cere Lt PE cdl eee Se RI are ae al Ree eee 1898 43.6 2212 
1899 49.8 1.28 
3 1900 47.4 2.00 
1901 46.4 2.16 
Meanhichestitemperature aceec. 5st eee ia eee ee ee eee 54.4 1902 44.6 1.70 
Meanilowest-temperaturetarnx. os «horse lect an en ee Bae 35.3 1903 43.0 4.40 
Meanitemperattiretor month asjece sc cten cone acti ee Cees eco: 44.8 1904 29.4 0.50 
Lotalprecipitationformonthes-ee ae. este tee ee eee ena 4.13 1905 44.6 1.49 
1906 46.6 2.43 
1907 37.8 2.81 
WEATHER. 1908 44.6 2.15 
: 1909 42.8 5.96 
Numbendaysiclears.< Os 25 hesrae acs g ren tts ate eae ORC ee eat era Gear 6 - 1910 49.2 2.48 
Partly Cloud yaad tennessee stot ocean Lee 6 1911 44.3 eA 
Cloudy ose es MNase ohrea nt cae e te ees RAE eerie cn eeea errs 18 1912 45.6 Biel? 
With\0!0l'or moreiofiprecipitatlons- tase ee en een eee ace 15 1913 45.9 3.10 
1914 44.7 2.90 
SUNSHINE. 1915 51.6 1.00 
1916 45.7 1.91 
Number hoorssunshines} seit caunicc te ection ate eae ner en eT 192.7 1917 42.4 5.59 
Rossibleihoursisunshine peer. ac lst cen Ree ee ee eee 402.5 1918 42.4 1.97 
(Pencenbare ofipossibl een ers trcien ete chan isicyore oinvors eie eee ole a Ce ae eee ae 48 1919 44.8 4.13 


BaROMETER—Mean, 30.01 inches; highest, 30.41 inches, on 21st; lowest, 29.42 inches, on 10th. 
TEMPERATURE—Highest, 73°, on 8th; lowest, 17°, onIst; geatestr daily range, 30°, on 21st; least daily range, 2°, on 11th; 
normal for month, 45.6°; excess or deficiency this month, —0.8°; accumulated excess or deficiency since January Ist, +-351°; 
average daily, same period, +2.9°; highest in 34 years, 88 ; lowest, 10°. 
’ PRECIPITATION (in inches)—Total amount, 4.13; normal, 2.54; excess or deficiency this month, +1.59; since January Ist, +0.56; 
greatest amount in any 24 hour period, 1.24, on 15th and 16th; total snowfall, 3.2 inches. 5 2 
Winp—Prevailing direction, southwest; total movement, 5,524 miles; average hourly velocity, 7.7 miles; maximum velocity 


25, from the south, on 10th. 


Dates or—Auroras, 0; sleet, 17; thunderstorms, 6, 7, 9, 10; Halos: solar, 2, 19, 22, 23; lunar, 8, 13; frost: killing, 15, 18, 21, 
24, 25, 26, 27, 29; heavy, 19; light, 30. 


DEWEY A. SEELEY, 


Meteorolovist. 
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Monthly Meteorological Summary, Lansing, Mich.; May, 1919. 


oF oe : ‘ 
Temperature. This month since 1863. 
a Precipita- Percent+ 2 
Date, tion in Character of age of 
inches, day. possible. Mean Total 
Highest. | Lowest. Mean. Year. tempera- | precipita- 
ture. tion. 

1 ee Ao 53 36 44 0.85 |. Cloudy......... 0 TTS Pal [Eee Posie eee | sere 
Bee Seay 55 38 46 0 | Partly cloudy... 62 1864 60.2 2.87 
Se sen aaa 43 35 39 1:46 |\Cloudy:...2>... 0 1865 57.6 verde 
Pee 66 42 54 0.95 | Cloudy......... 17 1866 55.0 3.48 
Nests thee 52 40 46 On |A@loudyricas oes 40 1867 61.1 3.80 
1868 59.1 2.80 
Gal eeees 66 37 52 0 | Partly cloudy... 99 1869 56.0 2.05 
Uetrrr 62 44 53 De | RC learateep ess oe 82 1870 64.3 1.16 
eee Oe 47 40 44 O15: Cloudy.2.5.5... 6 1871 61.4 1.97 
eee 58 36 47 OnfiCloudync sees 68 1872 58.5 3.72 
LOS oes 51 41 46 Te Cloudysssesn eee 7 1873 ©5629) 3.05 
> 1874 59.6 1.77 
1b 56 38 47 vate loudyzeer certs. 42 1875 60.8 4.46 
DAE eeerkee 61 36 48 0 | Partly cloudy... 83 1876 58.0 4.13 
1B ae dae 70 38 54 On| s@leanweee ee, 100 1877 58.2 2.23 
| Eo 73 42 58 0.09 | Partly cloudy... 75 1878 54.6 3.44 
1879 58.8 2.45 
LO ise tans 68 48 58 0.33 | Partly cloudy... 69 1880 64.3 5.59 
LG ater: 68 49 58 0.09 OudyAs. eel. 64 1881 62 2At 
aa 62 42 52 T. | Partly cloudy... 40 1882 52.7 4.04 
isis reece 67 40 54 Onl SClean. = asce cn 100 1883 52.8 5.66 
1 ae 69 40 54 Tes |eCloudyeree te ee 62 1884 56.9 3.95 
DO aaghcerss: 48 44 46 0.:12),|) Cloudy... 3.s=-. 0 1885 55.8 2.30 
1886 58.1 2.67 
DARE ea 53 44 48 OVOL | F#Cloudyscesce. 3: 0 1887 64.3 2.42 
ens Mee 63 39 51 0::197) (Cloudy. ......5.... 64 1888 doo 3.66 
LEN esto: 63 44 54 0.05) \-Cloudy...2..... 34 1889 57.4 3.61 
71 a ee 71 44 58 0 | Partlycloudy... 95 1890 Shit 4.98 
DO ieee ears ate 77 46 62 0 | Partly cloudy... 100 1891 er 1.63 
1892 54.5 5.92 
DOE Sos: 82 48 65 OnlaCleare: Meas. a 100 1893 54.4 2.86 
Vd] aes ae 86 52 69 OuleClear sient. 100 1894 56.9 4.83 
Bieta. 81 48 64 OUClearas5 a. 100 1895 61.8 2.06 
4! eee eet 87 52 70 Of|tClear esse: 100 1896 66.5 3.14 
SOs 89 55 72 Ofle Clears = teak 109 1897 55.8 3.29 
Se eee: 93 61 77 Ob eiClears< Soe ax. 100 1898 56.5 2.15 
1899 58.8 3.59 
= 1900 58.8 4.17 
1901 5d 72 2:42 
Meanthighestbemperabure syrrrtecioniciccsel— re cis tciok eiettoro ee hie wastes tie 65.8 1902 58.4 4.92 
Mean lowestiempera tures snc < os ifes be sromict hes h aosiamisniosie ile eainin gen oe eon 43.2 1903, 59.5 2.63 
Mean temperature dor months ee wes season Sane ca eeone miele nite ns iciaciowe otic 54.5 1904 57.4 2.40 
Rotaliprecipitation formonuthews cute nine saan ee he accion e sete ome's force 4.29 1905 56.7 5.17 
1906 56.6 3.05 
1907 5122 2.22 
WEATHER. | 1908 59.6 5.59 
1909 55.8 2.44 
INumberidaysiclearc sty cease tle cee hike ore ee ESS Sets Soo ee Oe eae 9 1910 5105 4.13 
IPantlyiClOUdy sre ccc. cele calc cco eyes TE TS SEs ena arene 8 1911 63.5 2.67 
ClOUG ARE ORG. 45 yan ny: ba Bes sede Cae a CER LG ashrevaia. Gtaceseudysretastsreyacaete 14 1912 D06 6.57 
Waith'0:0ilormore of-precipitations a... .c..0s0os «= sane so sae ota reels atl 1913 56.2 222 
1914 58.6 4.66 
SUNSHINE. 1915 OLD 2.74 
1916 56.6 Des: 
Nuim bers hoursisunshine sacs ccoria a cocker ence PRE tel core otis 281.9 1917 50.2 3.30 
RGsa DLE HOULS SUNSHINE Sass shit aaarce atte cect een eae oa ee eee es 454.7 1918 61.1 2.89 
Rercentare of possible sajeaaeaccaae sees oneesaoe ae Deca nae 2 yvs yb starortele 62 1919 54.5 4.29 


BaROMETER—Mean, 29.94 inches; highest, 30.33 inc hes, on 5th; lowest; 29.40 inches, on Ist. ; 
TEMPERATURE—Highest, 93°, on 31st; lowest, 35°, on 3rd; greatest daily range, 35°, on 29th; least daily range, 4°, on 20; 
normal for month, 57.1°; excess or deficiency this month, —2.6°; accumulated excess or deficiency since January Ist, +272°, 
average, daily, same period, +1.8 ; highest in 34 years, 95 ; lowest, 17 . y ‘ 
PREcIPITATION] (in inches)—Total amount, 4.29; normal, 3.58; excess or deficiency this month, +-0.71; since January Ist, +-1.27- 
greatest amount in any 24 hour period, 1.85, on 3rd, and 4th; total srowfall, 0.0 inches. 5 : ; f 
Winp—Prevailing direction, northeast; total me vement, 4,432 miles; average hourly velocity, 6.0 miles; Maximum velocity 20, 
from the southwest on Ist. “We 
A ie 0f—Auroras, 2; fog, dense, 4, 22; hail, 0; thunderstorms, 4; Halos: solar, 6, 7,9, 14, 19 , 22; lunar, 0; frost: killing,0; heavy 
; light, 12, 13. 


DEWEY A. SEELEY, : 
Meteorologist. 
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Monthly Meteorological Summary, Lansing, Mich., June, 1919. 


Temperature. This month since 1863 

S123 __| Precipita- Percent- sk = 

Date. tion in Character of age of 

inches. day. possible Mean Total 
Highest. | Lowest. Mean. sunshine. Year. tempera- | precipita- 
ture. tion. 

i ee 93 62 78 Ou(Cleariet an 100 tS63u) 22552: ae eee 
DEA earns? 93 67 80 Oh n@léara7 22 Soar 88 1864 67.6 3.88 
Gis en eae 89 68 78 OV: Clear a2 Se. 88 1865 70.8 3.55 
Ceara eel 88 67 78 0 | Partly cloudy... 81 1866 66.6 Bod 
Oran Ses 84 62 73 T. | Partly cloudy... 78 1867 71.6 2.83 
1868 68.5 3.55 
6 Are: 76 58 67 0.06 | Partly cloudy... 68 1869 64.4 4.40 
(ae ae 75 55 65 02274 |i Cloudyaveese cer 51 1870 70.9 HPAL 
Sr keiin cee 74 53 64 0 | Pa-tlycloudy... 88 1871 68.2 2.93 
(ees ane 80 52 66 0 | Partly cloudy... 95° 1872 Ca? 3.45 
10S 86 57 72 0 | Parlty cloudy... 78 1873 70.6 2.96 
1874 70.6 5.07 
Lice 88 65 76 0.21 | Cloudy........: 37 1875 66.6 1.84 
12h eee 89 64 76 0.01 | Partly cloudy... 52 1876 68.1 4.34 
Asn 91 67 79 0 CBE Sea ee 90 1877 65.9 3.53 
14 90 66 78 Oni Clear ae 100 1878 64.1 3.15 
1 a eae 90 66 78 T. | Partlycloudy. .. 75 1879 66.0 2.87 
NGSa ee 89 67 78 0.22 | Partly cloudy... 65 1880 67.6 5.04 
LCR eet 89 64 76 0 | Partly cloudy. .. 71 1881 64.3 4.37 
TEx Hoses! 90 53 76 On Clears Ses. 100 1882 66.5 Sse 
AO eres 85 66 76 0.81 | Partly cloudy... 36 1883 65.9 11.35 
ZO ree date 85 66 76 0.05 | Partly cloudy... 74 1884 68.9 2.83 
1885 64.7 6.01 
21S aes 85 55 70 0 | Partlycloudy... 73 1886 €5.7 1.92 
DD os eet 78 51 64 0 | Partly cloudy... 83 1887 68.5 2.47 
Doni coe 82 59 70 0 | Partly cloudy... 97 1888 67:9 2.51 
DAT es Ae 84 60 72 1043) \Cloudyze ese see- 50 1889 62.8 3.42 
pie eae 79 66 72 0.46 | Cloudy......... 12 1890 70.3 3.92 
1891 67.4 2.55 
die epee 82 66 74 0205)? Cloudy s-2 -eee 37 1892 67.7 4.33 
Dita: Bees 67 47 57 Ps loudyecsne. ee 25 1893 66.6 4.85 
OTE eae ee 70 46 58 ON Clears mre 100 1894 71.4 1.30 
PS re Sea 77 44 60 OsleClear eee s es. 100 1895 71.4 1.01 
SO Pcne 85 51 68 ON Clearkes 2a55.65 100 1896 69.9 2.60 
0) iene eatin cael tie eB 8 SOR Oe AEOO CEE Balin blo tceeaael ome crs nea 1897 64.2 2.57 
1898 67.6 4.91 
1899 68.2 1.15 
1900 65.2 2.57 
Meanthiphesttempera turema.: ae as Sse eet eee een a eee ue er ae 83.8 1901 68.0 3.57 
iMeéan'lowest temperatures ose, An Semen mene ae ier ane acre ae 60.0 1902 61.8 7.28 
Mean'‘temperature formonthy sts een ee ee ene eee cce cae 71.9 1903 62.0 6.28 
ELotal precipitationfonmonthe- teen petra eee ee a een ooo een: 3.18 1904 65.6 2.49 
1905 66.2 7.47 
1906 67.1 4.61 
WEATHER, 1907 65.0 2.30 
1908 70.0 1.23 
Number /days'el Gans: sot aan ae Sees see LE ee 9 1909 66.7 2.86 
Partly cloud yioe ise ye ee a a ae se ee nee eae 15 1910 64.9 1.95 
Cloudyseeceeee vee Sao ese SS isis ee Sadia De oS en DS Eee 6 1911 68.0 3.77 
With(0:Oformoreokprecipitation’s. ee nee cee oe eee eee 10 1912 63.1 0.97 
1913 67.6 1.01 
1914 66.6 4.11 
SUNSHINE 1915 61.0 3.96 
1916 61.4 5.39 
Number /hours'sunshines sete seccleniaiee sets ars cicts ol tee kak Seo 335.9 1917 62.4 4.54 
iRossiplehours sunshine = a2,-h nase ore eerste ne ae et ace eeiene veneers 459.4 1918 64.4 2.07 
Percentage Of possi bl ects see soe shel eras eerste nic onan eines sem nios 73 1919 71.9 3.18 


BaROMETER—Mean, 30.07 inches; highest, 30.33 inches, on 12th lowest, 29.72 inches, on 25th. 

TEMPERATURE—Highest, 93°, on Ist; lowest, 44°, on 29th; greatest daily range, 34° on 30th, least daily range, 13° on 25th, 
normal for month 67.2 ; excess or deficiency this month, +4.6°; accumulated excess or deficiency since Jan. Ist, +412°; average 
daily, same period, +-2.3°; highest in 34 years 99°, lowest, 34°. 

PRECIPITATION (in inches)—Total amount, 3.18; normal, 3.40; excess or deficiency this month, —0.22; since January 1st, +1.05; 
greatest amount in any 24 hour period, 1.49, on 24th and 25th; total snowfall, 0.0 inches. 

Winp—Prevailing direction, southeast; total movement, total movement, 2,886 miles; average hourly velocity, 4.0 miles; 
maximum velocity 25, from the southwest on 19th. 

* Dares ree 0; fog dense,0; hail, 0; thunderstorms, 7, 11, 12, 15, 16, 17, 19, 20, 24; Halos: solar, 22, 27; lunar, 0; frost: 
eavy, 0; light, 0. : 


DEWEY A. SEELEY, 
Meteorologist. 
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REPORT OF THE DIVISION OF EXTENSION WORK. 


President F. 8. Kedzie. 

Dear Sir—During the year the greatest effort has been continued 
to improve the extension organization for carrying the service of the 
College, the Experiment Station, and the U. 8. Department of Agriculture 
to those who cannot come to the College. The Extension Service recog- 
nizes its great responsibility and duty in attempting to secure the adoption 
into common practice of the practical and useful information made avail- 
able by these institutions through years of investigation and research. 
To carry on this service the organization has five closely related groups; 
V1zZ., 

Department of Specialists. 
County Agricultural Agents. 
Home Economics Workers. 
Boys’ and Girls’ Club Workers. 
Market Agents. 


Within each county having an agricultural agent, farm bureaus have 
been developed through which the above five groups of workers can reach 
each town and community of the county. 

In brief, the County Farm Bureau consists of a central directing body 
known as an executive committee. Each member of this committee is 
designated as the county leader of some one of the agricultural problems 
chosen for attention during the year and for which he is qualified to act as 
leader. A committee of one or more farmers is appointed for each of the 
active communities, each committeeman being chosen as leader of some 
proposed line of work. Each executive committeeman, together with the 
community committeeman assigned to the same problem constitute the 
county project committee. This body outlines the program of the bureau 
in that special line and carries it forward to completion. 

It has been encouraging during the year to observe that this form of 
organization has accomplished results on problems needing the combined 
effort of all farmers within the county. Among such problems may be 
mentioned the control of grasshoppers, the elimination of scrub sires, 
the dissemination of improved grains, the control of plant diseases and 
the formation of marketing organizations. 

The Smith-Lever Act approved May, 1914, not only provides funds 
for the work, but stipulates that it shall be cooperative with the Depart- 
ment of Agriculture. This Act defines cooperative extension work in 
Section II. 


“That cooperative agricultural extension work shall 
consist of the giving of instruction and practical demonstra- 
tions in agriculture and home economics to persons not at- 
tending or resident in said colleges in the several communi- 
ties, and imparting to such persons information on said sub- 
jects through field demonstrations, publications and other- 
wise; and this work shall be carried on in such manner as may 
be mutually agreed upon by the Secretary of Agriculture 
and the state agricultural college or colleges receiving the 
benefits of this act.” 


The projects approved by the Secretary of Agriculture are listed below 
and are reported upon by the leader of each as appended hereto. 


ee re 
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TITLES OF EXTENSION PROJECTS. 


1. Administration. 11. Farm Management Demon- 
2. County Agents. strations. 

3. Home Economics. 12. Insect Control & Apiculture. 
4. Extension Schools. 13. Drainage Engineering. 

5. Boys’ & Girls’ Clubs. 14. Forestry. 

6. Farm Crops. Ts Dairy Products. 

7. Live Stock. 16. Marketing (Fed. Cooperative). 
8. Horticulture. Li. > sPoultry. 

9. Potatoes and Vegetables. 18. Home Demonstration Agents. 
0. Muck Crops 


— 


EXTENSION BULLETINS PUBLISHED DURING THE FISCAL YEAR. 


Bulletin Number. Title. Author. Pages 
Extension Bulletin No. 4 (revised)...... The Home Vegetable Gardenh........ CG. We Waid nek caoen 27 
Extension Bulletin No. 13 (revised)...... Oat Smut and Its Control........... Ue Coons a. ete at eee 4 
Extension Bulletin No. 16.............. The Joint Wormin Michigan........ RSH Pete ta-c 5s ctor eee 4 
Extension Bulletin No. 17.............. The Stinking Smut of Wheat........ GOH S Coonsessn. <2 ceeee eee 4 
Extension Bulletin No. 18... Good: Heal thvt25..74 aoa ce tater al Rota ono oa ae ae ee oe 42 
Extension Bulletin No.19.............. Grasshopper Control............... Don BaWihielan'=5.. Sot setoomce te 2 
Extension Bulletin No. 20.............. Hotbeds and Coldframes............ GSWAW SIG ne rhe oe eee 8 
ClubiBulletinvNosl2ee.0.5-2ose eee Hot School Lunch Project........... omer Economics Department...... 32 
Club Bulletin: Noses aspen ceose seen Boys’ and Girls’ Clubs.............. RAs Durnordscs. aa ecneecoe ee 35 
Extension Course Notes No.17......... Breads for War Time............... Home Economics.......:........-- 4 
Extension Course Notes No. 18......... How Can I Use Less Sugar.......... Home Economics................-- 4 
Extension Course Notes No. 19......... Suggestions on preservation of Meat..| Home Economics.................-. 4 
Extension Course Notes No. 20......... Clothing for Children............... Home Economics.......... hen 4 
Extension Course Notes No. 21......... The Care of Clothing............... Home Economics...............--- 4 
Extension Course Notes No. 22......... How to Know Materials............ Home Economics...............--- 4 
Extension Course Notes No. 23......... How to buy Clothing............... Home Economics.........2....-.-- 4 
Extension Course Notes No. 24......... Home Dressmaking Patterns........ Home Economics...............+:- 4 
Extension Course Notes No. 25......... Remodeling ssn 2s eee Home Economics.........:......-- 2 
Extension Course Notes No. 26......... Tayettes ics. casein Nee Home Economics................-- 2 
Extension Course Notes No. 27......... Jellies, Jams, Marmalades, Con- 
serves, Fruit Butters and Sweet 
Pickles? Se nes etna eat aniee Home Economics..............+.-- 4 
Extension Course Notes No. 28......... Home Canning Guide.............. Home Economics..............---- 2 
APPOINTMENTS DURING THE YEAR. 
OMS Goodwin: eee Specialist, Dairy Products......... Aug. 15, 718 
Aurelia. -B-. Potts, 5... Asst. Home Dem. Agent Leader....Sept. 9, 718 
Alice M. Kuenzli.....Home Dem. Agent, Manistee...... Sept. 15, 718 
RiayeeAew Urner s-. 4.2 cn). State Leader, Boys’ & Girls’ Clubs..Oct. ~1, 718 
Nina Streeter........ Home Dem. Agent, Saginaw....... Oct. 1s 
W. B. Sutherland..... Asst. Farm Mgt. Demonstrator....Oct. 21, 718 
Osee Hughes......... Home Dem. Agent, Detroit........ Nov ibersciles: 
LSP aPrekdordes 2h. Specialist in Horticulture.......... Dec 6, 718 
H. G. Clothier... .County Agent, Calhoun........... Nov. 15, 718 
A, Gi Kettinenss: 2). Asst. Boys’ & Girls’ Clubs......... Dec. 16, 718 
Blanche Ingersol...... Asst. Dem. Agent, Detroit......... Jan. eAg 
RV. Panner se sere CounfyeAcent, Barry (222 See Janse e-19 
Carls Knopia County Agent, Manistee.......... Jan. MaG.0°19 
James L. Kraker.,.... County Agent, Benzie............. Jane 21. 19 
Geo. C. Raviler.......Field Agent in Market Organization.Feb. 1, 719 
E. K. Chamberlain: .: :Specialist;:Farm Crops... -. <. <<. Feb: 15; 49 
ia. G 2AMOs'. . . ee County Agent, Menominee........ Feb.. 21, 719 
C. O. T. Scheetz... ... County Agent, Alpena ..:2... 20... Marc e219 
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Margaret Hutty...... Asst. Boys’ & Girls’ Clubs......... Mares) Leuk 
evs Nore. 27 ass County Agent, Calhoun........... Mar. 16, 719 
va Carrett.. 66.2 2: Home Dem. Agent, Cass.......... Apr. 16, 719 
H. E. Dennison.......County Agent, Shiawassee......... Aprs’ 2165219 
Paul C. Jamieson..... County Agent,.Calhoun. 2.0: ..5.J Apr. 16, 719 
eee > WING stent. ts County Agent, Charlevoix........./ Apr.) 6229 
Howard Hindes....... County Agent, Montmorency......: Apra. 220,19 
Artour © Lytle... ... County Agent; Otsego. 2 s..2 6... May 1, 719 
Wm. A. Anderson..... Asst. Statesueader a7. .¢2-,0260- June 10, 719 


County Club Leaders were appointed on Emergency funds of one to 
six months during the year in the following counties: Saginaw, Houghton, 
Barry, Branch, Calhoun, Charlevoix, Cheboygan, Clinton, Eaton, Genes- 
see, Gogebic, Ingham, Iron, Jackson, Marquette, Mecosta, Missukee, 
Ontonagon, Kalamazoo, Kent, Lenawee, Hillsdale, Osceola, Baraga, 
Washtenaw, Alpena, Berrien, Bay, Chippewa, Delta, Emmet, Gratiot 
Ionia, Isabella, Menominee, Muskegon, Oakland, Ottawa. 


TRANSFERS. 

Helen Arms... .5. 24. ; Saginaw Home Dem. Agent to Asst. 

Leader, Home Economics. . OG: RA: 
Frank Sandhammer. . County Agent, Manistee to Asst. 

County Agent Leader.............: James 21 719 
Rem walk = oe sae. te: County Agent, Ontonagon to Kent Jan. 16, 719 
Robert A. Wiley...... County Agent, Leelanau to Grand 

SETAVEUSCl cinecs Cotihsce Ge Sele Feb. 16, 719 
Coral Havens........Asst. Home Economics to Asst. in 

Maik Campaioneis: Aji. sn0 sce e Aprat 165-719 
ip--O: Hagerman-..:.. Asst. Co. Agent, Ottawa, to County 

Club: Leader; Gogebic..............- May 31,719 

RESIGNATIONS. 

Margaret Justin...... Asst. Home Economics, U. P....... Aug. 31; 718 
pho. Preset 2.2... County Agent: Alpena: 4.2... 22,08 Sept.. 9, 718 
Hee: Lindeman. .2.: State Leader, Boys’ & Girls’ Club. .Sept. 30, 718 
GA. Spaulding ..2.>%. Asst. Leader, Boys’ & Girls’ Club...Sept. 30, 718 
Warle Bangs... <2. 5 Asst. County Agt., Van Buren..... Oct] lea 13 
Weerks-bandeen...<.:. County Agent, Midland....-: 2.3... Octane Ores 
mee ODLErS. v5.03: AsSt=boys. w Girls, Clubs.) 7.02. ..Oct. -31, 718 
Jessie M. DeBoth..... Asst:=boys «Girls Clubs: .:. 2. 3... Oct. ole 3 
Don A. Meeker......° .County Agent, Shiawassee......... Nov. 6, 718 
Wera, Gruner. .-.)..3.. ASSi Lome FCONOMICS 27.55 4%,.5..-.. Nove aol tS 
Earl P. Robinson..... Asst: County Agt. Leader......... Dee. 345 218 
pHeGeomith..........County Agent, Kent. ............. Dec. 31, 718 
feeG. BrumMm:..:. 1. County Avent, Barry. 0... 205+. - Jan. 1 219 
He Re Quest cs: County Agent, Montmorency...... Jan. Lv i9 
mie dvi Carp... %... Home Dem. Agent, Gogebic....... Jan. pea) 
Clinton F. Smith. ....County Agent, Charlevoix......... Feb. 15, 719 
M. E. Duckles.......County Agent, Grand Traverse....Feb. 15, 719 
fe. Clothier... .... County Agent, Calhoun. 2).8 25 Feb= 5.157719 
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Hires SW ieee cee oes County Agent, Menominee........ Feb. 21, 719 
Esther Keating....... Home Dem. Agent, Marquette..... Mar. 31, 719 
Earl R. Trangmar....Supervisor of Publications......... Apreer ils 710 
HRGB e NTORG) ese ees. County Agent, Calhoun........... Apr. ewer t9 
De. McMillan. 352.5 Specialist, Sheep Husbandry....... Apr... -1,, 719 
James N. McBride....State Market Director............ Apra sel elo 
Don B. Whelan.......Specialist, Insect Control.......... May 31, 719 
Verne Freeman.......Specialist, Sheep Husbandry....... June 30, 719 


* Military service. 
Very truly yours, 
R. J. BALDWIN, 
Extension Director. 
Kast Lansing, Mich., June 30, 1919. 


REPORT OF EXTENSION WORK IN HOME ECONOMICS. 
BY MAY PERSON. 


There have been few changes in the personnel of this force during 
the past year. Four specialists have been employed during the entire 
year. During the time when the demand for help in food conservation 
was very heavy it was necessary to have additional help, as it was again 
during the extension schools. 


PLANS AND ORGANIZATION. 


tPlans: 
The Home Economies Specialists have had two distinct purposes 
in view: 
a. To be of service along technical lines to the State Leader 
and her assistants and to the Home Demonstration Agents. 
b. To carry to the women of Michigan living in counties which 
do not have Home Demonstration Agents, instruction and 
help in all matters pertaining to the home. 
2. Organization. 

a. In counties having Home Demonstration Agents the work has 
been done under the direction of the State Leader of the Home 
Demonstration Agents. 

b. In counties having County Agricultural Agents but no Home 
Demonstration Agents, the work has been done, in so far as 
possible, through the County Agricultural Agent and his organi- 
zation. When requests came from other organizations, such 
as women’s clubs or other societies, we have made it an oppor- 
tunity to bring the organization in touch with the County Ag- 
ricultural Agent and the Farm Bureau. 

c. In counties having neither a County Agricultural Agent or a 
Home Demontration Agent, we have worked through the vari- 
ous existing organizations. 

Among the organizations with which we have worked during the 
year are the State Food Administration, the Woman’s Committee, 
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Council of National Defence, Women’s clubs, the public schools, the 
farmers’ clubs, the Grange, the State Board of Health, the Red Cross 
(Central Division, state organization and local chapters), and various 
church organizations. 


FOOD CONSERVATION AND PRESERVATION. 


During the first three months of the fiscal year the work of this de- 
partment consisted almost entirely of war emergency work: that is, the 
use of wheat and sugar substitutes, and the preservation of fruits and 
vegetables. Much of this work was done in cooperation with the food 
Administration. 

One method which this department used during the summer to try 
and meet the demand for help along the line of the use of wheat and 
sugar substitutes was to hold training classes for volunteer demon- 
strators. Fourteen such classes were held in fourteen different counties; 
their was an attendance of 538 women. These women in turn gave demon- 
strations on the use of substitutes and on cold-pack canning to 2,144 other 
women. 


COUNTY FAIRS. 


It has not been the custom of the Home Economics Extension De- 
partment during previous years to take an active part in the county 
fairs. Usually a county fair is not very fertile soil for educational work 
in this line. 

This year, however, because of the unusual food situation, we, to- 
gether with the State Food and Drug Department, cooperated with the 
Food Administration in carrying out Food Conservation work at the 
county fairs. 

This department drew up suggestive plans for a Food Conservation 
Exhibit. These were sent out by the Food Administration to all food 
Administrators, food conservation chairmen, county agricultural agents, 
home demonstration agents, and directors of fairs. 

All requests which came to the Food Administration for demonstra- 
tors were referred to us. We took care of as many as possible and helped 
the Food Administration find volunteer workers for the others. Special- 
ists from this office assisted a local committee or took charge of the food 
conservation work at fifteen county fairs. (This does not include fairs 
in counties where there are home demonstration agents.) The work con- 
sisted of helping put up the exhibit, giving demonstrations in canning and 
the use of substitutes of conditions were favorable, giving short talks, 
judging, ete. 

The type of work which we felt accomplished the most was to stay in 
the Conservation booth and answer the questions of the women who would 
stop for a few minutes and explain their particular difficulties. Hun- 
dreds of women who could not have been reached in any other way were 
helped in the use of substitute foods or went away with a more cooperative 
feeling toward the Food Administration. 


PROJECTS OF SPECIALISTS. 


Miss Parker has emphasized this year the need of looking after the 
health of the community—sanitation, clean milk, etc., and the care and 
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feeding of children of pre-school age. The startling prevalence of mal- 
nutrition among children emphasized the need of the work. Both men 
and women have been interested in her talk on ‘‘Community Health’’. The 
child welfare work, a large proportion of which has been carried on in co- 
operation with the home demonstration agents, has been carried on by 
holding child welfare days, at which time talks and exhibits were given on 
the care of children, proper feeding and proper clothing, importance of care 
of the teeth, ete. 

The work in clothing has been very popular. There has been much 
interest in talks and demonstrations on textiles, dyeing, use of patterns, 
cutting and fitting, use of sewing machine attachments, etc. 

After the armistice was signed and the necessity for the use of substi- 
tutes was over, the interest in foods gave precedence for afew months to 
interest in clothing and health. The war has, however, created a real 
interest in foods among the women of this country, and the prevalence of 
under nourishment among children emphasizes still further the need of 
knowledge of nutrition. 

In April this department entered into a cooperative project with the 
Bureau of Animal Industry, Dairy Division, to increase the consumption 
of milk. A milk campaign was put on in Detroit. Talks on the importance 
of milk for children were given before 60,000 children and 3,000 adults. 
As a result of this campaign the consumption of milk during the following 
three weeks increased 10% 

It has not been possible to do much along the lines of Home Manage- 
ment as a separate project. A household account book was published 
because the demand for one was so great. Of the 1,000 published, 412 
are in actual use by women who have promised to keep the accounts for 
a year. This project is being carried on by the home demonstration 
agents. At the end of the year the women keeping accounts will hold 
community meetings, at which time discussion will be held on home bud- 
gets, the value of the living received from the farm, ete. 

The Home Economics Extension Schools have presented work along 
the lines of health, clothing and foods. Due to the influenza, many 
schools had to be cancelled, so the number given was one less than last 
year. 

Home Economics Extension Work has been given in 66 counties of the 
state through Extension Schools, single demonstrations and _ lectures, 
training schools for leaders, conferences, exhibits, fairs and special cam- 
paigns. The number of people reached in this way is as follows: 


Extension Schools: aon steele em ee sae aaa beans 
Canning demonstrations.) ere eee vonage ee 78 3071 
oodstalike secrets <0 a ape Bye eae eae ae eS ee MeL 
Foodisubstitwmtes ts =. 2: eee ae ee ee a eee Oe 92 4568 
Health talks-and demonstrations 25.52 oe. 39 2100 
Clothing: talks and. demonstrations: #7. =..5-. -- 45 2603 
Voluntéerstramime classesn5g et ee ee 14. 588 
General Home Heonomics talks.. 5. 602. a. Jae. 41 3485 


374 23401 


EMaie 6. Sk, eee nee ark ey 10,000 
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The Specialists have assisted at five conferences this year. Two of 
these were for Home Demonstration Agents, two were for the housewives 
of the state, and one for the Home Economics teachers of Michigan. 

The enthusiastic and earnest support which the women of Michigari 
have recently given the Home Demonstration Agent work augurs well for 
the new year. There is no longer a question as to whether or not women 
consider the work helpful and worth while. They have demonstrated 
their belief and confidence in the work and in the Extension Department 
of this College. 


REPORT ON WORK OF HOME DEMONSTRATION AGENTS. 
BY H. V. SMITH. 


July 1, 1918, Michigan had home demonstration agents in 19 counties 
and 3 cities. Later two more counties and one more city were given 
agents. Of this number all four cities and twelve of the counties were 
in the lower peninsula, and eight counties were in the upper peninsula. 
With two exceptions the money for the support of the agents in the county 
has been appropriated by the Board of Supervisors, $500, being the 
approximate money appropriated. 

Three have also had cars provided for their use; the others travel 
by rail, either steam or electric, hired auto, or with the county agricultural 
agents where meetings can be planned together. 

Until the signing of the armistice all work naturally assumed the form 
‘of emergency work, principally conservation and preservation of foods, 
clothing, health, time and strength. At the same time the educational 
principles were always stressed. Since November 11, it has been tend- 
ing toward a more permanent basis and we believe has become a real 
definite and essential part of the Farm Bureau work. 

The following projects have been carried on by the various agents 
and will be continued in the counties where Home Demonstration work 
goes on: Organization, Foods, Clothing, Health, Child Welfare, Home 
Management, Poultry, and Club Work. 


ORGANIZATION. 


The home demonstration agents have organized their work in nearly all 
of the counties under the Farm Bureau plan in cooperation with the county 
agricultural agent. 

The women may become members of the Farm Bureau on an equal 
basis with the men. Each county executive committee has at least one 
woman representing the home economics work and each community a 
woman representative for each project taken up. 

In counties where there is no definite Farm Bureau, the agents have 
a representative woman in each community to act as a leader and who 
will assist in planning meetings, advertising, and preparing for demon- 
strations, ete. 


FOODS. 


Substitutes. During the war wheat, meat, sugar and fat con- 
servation was emphasized by means of lectures, demonstrations, ex- 
tension schools and food study clubs; also by food shows, although 
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not as extensively in the counties as we felt it was not a legitimate 
way of showing food conservation except where the counties contained 
larger cities and more people could be reached. 

Dietetics. One of the greatest outgrowths of the recent war as far as 
the home is concerned has been to give the housewife, also other members 
of the family, a greater insight into the needs of food study and proper 
feeding of the family. Women in the different communities are asking 
for definite food study and lessons in planning meals. In nearly every 
case the Home Nursing classes have been or will be followed by Dietetics 
classes, which shows something of the interest in food principles. 


Preservation. ‘The preservation of foods for winter use was taken up 
very extensively last year by the home demonstration agents. The var- 
ious methods were discussed and demonstrations given in drying, brining, 
and canning of fruits, vegetables and meats. In some counties canning 
centers were established. In others several women clubbed together, 
bought a canner and worked together, and in this way made the canning 
work easier. This year some of the women are buying cans, can rubbers, 
etc., together at wholesale prices. 


Increasing Use of Milk. No work can be done along the lines of nu- 
trition without emphasizing the use of milk. The city agents have been 
especially interested in this, and have all been active, both by educational 
work among mothers and by helping establish milk stations to increase 
the consumption of milk and teach people the importance and economy 
of using it in larger quantities. 

Clothing. The interest among women in the clothing work which the - 
agents have offered has been surprising. Doubtless the increased price 
of all clothing materials and the necessity of utilizing everything on hand, 
has stimulated interest along this line. Constant demands have come in 
for talks and demonstrations on cutting and fitting, use of patterns, mak- 
ing over garments, more efficient use of sewing machine attachments, ete. 


Health. During the influenza epidemic nearly all of the agents gave 
their services in one way or another. In several places diet kitchens 
were established in which the agent had entire supervision of the preparation 
of foods for the emergency hospitals and homes where entire families 
were ill. Some helped in establishing the emergency hospitals and acted 
as nurses. One of the agents in the upper peninsula went into a foreign 
district and stayed for eight weeks, working almost incessantly. 


Home Nursing Classes. Through a cooperative project with the Red 
Cross the agents have organized from six to twelve home nursing classes 
in nearly every county. Due to the influenza epidemic a greater need for 
this work has been felt among the women of the rural communities and 
much interest shown. The classes have been organized and all arrange- 
ments made by agents. The classes have been taught by trained nurses. 

Child Welfare. In some counties nearly all the Child Welfare work 
has been handled by the home demonstration agent. In others this has 
been done in cooperation with the Woman’s Committee, Council of 
National Defense. This spring, each agent has given from two to four 
days to a special Child Welfare campaign, put on with the assistance of 
Miss Parker, the Health Specialist. This has consisted of establishing 
centers where weighing and measuring of babies was conducted. Talks 


EXTENSION DIVISION. 165 


and demonstrations on the proper care and feeding of the child were given 
by physicians, nurses and agents. Exhibits of diets, clothing, proper toys, 
etc., were held in connection with them. 

In two counties the agents working in cooperation with the school co- 
missioner and a nurse visited all the schools of the county; the nurse ex- 
amining the children and the agent talking proper feeding. Special stress 
has been given to the value of milk as a food for children. 

Follow-up work will continue throughout the year by means of talks 
and working with individuals. 


HOME MANAGEMENT. 


Home Accounts. It has been planned originally to have each agent 
place about six account books in their county with the idea of getting 
housewives interested in this work. However, it has taken no effort on 
our part. The women are asking for the books rather than our urging 
them to keep accounts. There are undoubtedly 400 women in the state 
using our approved account book. The agents have assisted in starting 
the accounts and explaining the method. It is planned to call the women 
together in groups at least twice during the year to discuss methods and 
results and to see at the end of the year if with their assistance some quite 
definite budgets cannot be worked out for both rural and town women. 


POULTRY. 


As the greater per cent of the poultry on the farm is taken care of by 
the women, this has become quite an important project of the Home 
Demonstration agents. The agents with the specialist have worked out 
a very satisfactory project or plan. The women in communities where 
they are interested form poultry clubs, which meet once in two months and 
take up a definite study, as for instance; the first year club will consider 
general health of the flock, incubation, and brooding, stock and culling, 
marketing, canning and use of canned products. Second year club will 
consider history of breeds, standard study, winter feeding and crate fat- 
tening, poultry house conveniences, boning, etc. Monthly record sheets 
are sent out by the specialists to agents and they in turn furnish them to 
club members. Up to the present date seventeen poultry clubs have been 
organized and are doing splendid work. 


CLUB WORK. 


In counties where there is no club leader, the girls’ club work is handled 
by the Home Demonstration agent. The agents, after determining where 
it is possible to organize clubs and having selected the local leaders, the 
State Club Leader is called into the county to assist with the organization. 
At the same time they know the Home Demonstration agent is there to 
help them and to do the follow-up work. 


GENERAL WORK. 


Aside from these regular projects the Home Demonstration agents have 
been called upon to assist in war campaigns, Americanization, civics, etc. 
One agent was asked to go into the school districts of her county and 
teach the women how to vote. Several others were asked to give help in 
this work. 
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During the last month, the question of local financial cooperation from 
the counties, if they wished to keep their Home Demonstration agents, 
has had to be presented to the many Farm Bureaus and various Boards of 
Supervisors. The interest which women and men also—have shown in 
continuing the Home Demonstration work has been most gratifying, and 
somewhat of a surprise even to those of us who believe most thoroughly 
in the possibilities of this line of work. The war has given women a new 
conception of what feeding their families involves, and they are very 
earnest in their demands for help along this line, and along other phases 
of home making as well. Although it has been necessary to discontinue 
the work in some counties, nowhere have the women willingly seen the 
work stop. 


Teaching Volunteer Demonstrations by 
Demonstrations. Talks. Classes. Volunteers. 

Counties. Number. | Attend. | Number. | Attend. | Number. | Attend. | Number. Attend. 
Allegan...... Cae See alee 24 456 80 2,333 2 DA U8] Finis rae nee Sil fe hgh 8 
Berrien Ss see sa accnemteeee 24 784 89 3B AOGI eaten eral aisle etene ae otele cessinecll tree ees 
Cass. eRe ares ane 6 98 56 DAR Wh. Sceeroedia sa ES ea a | Sere oa all oe a eee 
Chippewa enc cn ation cache 30 651 9 171 2 30 1 16 
Dickenson: sees sauna aera 98 2,017 31 643 23 561 2 175 
Deltatigtiac fot ca ese ce 32 757 26 1,200 13 805) 52, Mesos lesaaroe ae 
Govebichyen Sass mee. 26 946 21 646 9 2B) ares ne eal ace cins e 
Houghtonsec sacee eee aeioe 57 1,276 36 2,122 40 655 35 618 
Troneeeeee eee ire 8 197 40 BOTS SSS eee, Peele rae eee oti es ote 
Kalamazoo see ences ce 31 1,090 48 1B Gye] ean oer Pen Kris ctres | her a need |e aS 
Kents ie tase eee 21 455 18 iE Seasaeros d adsadan os 8 160 
IManisteemacnacemnar rane eee 18 367 54 2S Oe pee ee tare roacl] (ose acesn-clave cciat| foes eters 
IMarquettemia.=..cce oancee ee 10 115 14 LAG | srelieseciate etseall sacks lttlore.c arel| pure w-oveaeagel| eee ereees 
Masoriest a --shotcaca er eisee 22 228 43 2,017 1 9 2 128 
Menominee St. . Soe eae 47 1,094 50 25,04 20 71 6 234 
Ottawa een ee ee 23 764 75 4,058 1 3 2 75 
Sta Clans erste pee ee 17 232 126 Gay fal lac ore beke wt nasa| he Sascratac becor Sasa > 
schoolcrattsce seeeeeeeaeee 19 505 46 1,951 8 55 8 126 
StzJosephises See meticeiecios 38 1,735 17 CY Gia peeaaen oe bet aoann sal natareran | bcascae.ce 
SAGINAW scans cotigs sess 15 384 24 yy a eae er eodcre ac| sUtnaatstac | coses on suc 
Wiaynle2ee rin seer sane ieoes 39 392 116 3,254 10 113 9 95 

657 15,607 1,019 40, 263 129 1,859 73 aril? 

Cities 
Detroit 44s-Ge eee 96 2,224 9 EUS i Paar oo ton Seanenl Redo Oronlsaateee bos 
Bling icss 2 eee toe 17 393 22 L4G Bay one cane ll ose stezere, teal sere Mosere ae | lee perenne : 
Grand)Rapidsiessesssaese en 86 850 29 630 2 22 3 47 
SagiNaWideceeees Moen eres 34 675 25 iy (4 Ue kee aan] Bee Re ar eee A Stool abner bocas 
Totalcity and county...... 890 19,749 1,104 44,414 131 1,881 79 1,867 
Stateieader and ‘Assistants: = six. tacaatrcl| crare oe tao eee es ene aera Se acter perso aro | Pee eee 136 4,922 
Meetings. | Atten.. 

Grand Total nasacort eee eae eee ETT EE OE OE - 2,340 72,833 
1D}. 4 111) Ur eae ot ee ieee” ae ak an A oe SE aR rem tte a ae ee anata ladaaos sone 3,700 
SFALTBi se foae ct qSe ahs AGS a eae Re ara RET OS Sa SE ae Ta ee ere St OT I ney | ep 100,00 
Mil Campaigns a35cehss coe hare as oe ose ee once Te ae eee ees ea a eee ean Ee | eee 70,000 


(Cooperative: Dairy Division, Bureau of Animal Industry; Home Economics Extension; 11 Home Demonstration Agents). 
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REPORT OF BOYS’ AND GIRLS’ CLUB WORK. 
BY RAY A. TURNER. 
ORGANIZATION. 


The progress in organization has been through the channels already 
in operation in this department. The administration of this organization 
has been in the hands of the state, county and local club leaders, to- 
gether with the advisory boards of the several local clubs. Emphasis has 
been placed upon the formation or organization of local clubs through 
which the agricultural, educational and social program of the Division of 
Extension might be carried on. 

Cooperating in the promotion of this organization are the many de- 
partments of the Division of Extension together with many outside groups. 
Among the last named might be mentioned: The Michigan Crop Improve- 
ment Association, The State Bankers’ Association, The Michigan Potato 
Growers’ Association, The Michigan State Fair, The Department of 
Public Instruction, the Michigan State Federation of Women’s Clubs, 
Boards of Supervisors in the several counties, Boards of Education in 
the several counties, Upper Peninsula Development Bureau, the Michigan 
State Teachers’ Association, together with a large number of commercial 
concerns. 


LEADERSHIP. 


The staff of paid club leaders now consists of the following persons: 


ees ener ooo as State-Club: beader. 2-20) .-.4. East Lansing. 
Anna B. Cowles. .....State Club Leader for Girls. . East Lansing. 
A. G. Kettunen....... Asst:-Glubi Geader s+. . =... 34: Marquette. . 
Barbara Van Heulen.. Asst. Club Leader for Girls .. Marquette. 
W.A. Anderson...... Asst. State Club Leader. .... East Lansing. 
Blda Robbss<.c. sos. Asst. State Club Leader..... East Lansing. 
Margaret Hutty......Asst. State Club Leader..... East Lansing. 


COUNTY CLUB LEADERS. 


ee. Gr Rebner.. 253. Eben Junction... ..2.0 Alger County. 
Pkraverse Ousterhout....Sterline =". ...5..3 50. 4 cen co. Arenac County. 
Nathalia Vasold......Hastings, Court House. . . Barry County. 
G. E. Butterfield. ....Bay City, McKingley Se hool. Bay County. 
Wava Osborne’ 2723554: Coldwater fac keet es Ses | Branch County. 
Hire DAS CAES >: lis woe emacs Battle: Creeks > Aco se F S- Calhoun County. 
Ruth E. Wheaton..... Cheboy ganna. a8 Cheboygan County. 
Martin Melican...... HisGana bates... ears hs es ck. Delta County. 
Kelsey B. Smith...... Bling; Court: House -2... 7... Genessee. 
eer. Gunderson, 27 lronwoodds: vis. 0 Sie 3 Gogebic County. 
Hrs: WileOXie =, 602) raverse,©ity-o a2. sco. ss: Grand Traverse Co. 
ee. Varney. 2247252. Heehhelvdis sews. oo uae ee Hillsdale County. 
B.O: Hagerman:...;..: EROMOMUOI ats AT eS Houghton County. 
SoS i Cs Ree eee Lansing, City Hall. . .....Ingham County. 
Percy Angove.... 2). MONA patente srt ce eta Ie. Ionia County. 
See bIsShOp 2.22.25 Nip te tah Ayers Tron County. 
Floyd Ferguson....... Mt. Pleasant. . ... Isabella County. 


Alberta Hill... 25 32. Jackson, 510 Lansing Ave.... Jackson County. 
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Ruth M. Cooley...... Kalamazoo, 1408 Bank St. . .. Kalamazoo County. 
Krank A. Davis. ivse< . Gd. Rapids, Ass’n. of Com. Bd. Kent County. 

Mrs. R. N. Peters. ...Adrian, 318 Cherry St....... Lenawee County. 
RNG iseblers Js). acae Menominee, Agricul. School.. Menominee County. 
Wid. Atehisonie-.- a. 5 Muskegon he etal tarsal Muskegon County. 
CHATAICWIS stay eeu Highland Pk. R. F. D., No. 2.0akland County. 
Hvelyn Pepper .......LeRoy, R. F. D., No. 1...... Osceola County. 
Theresa McDonald. ..Saginaw, W. 8., Court House.Saginaw County. 
Ernest F. Lyons...... Ann Arbor, Court House.... Washtenaw County. 
G. /O.UStewarts i s..2%. Wearbormso csc weer Ss Wayne County. 


ASSISTANT COUNTY CLUB LEADERS. 


Margaret Hill........ Battle Crk., Willard Library. Calhoun County. 

L. Merle Chubb...... Hast a AniSting eet ssn ee a eee Ingham County. 
Grace M. Watson..... Gd. Rapids, Ass’n. of Com. Bd. Kent County. 
Gladys Lahym........Birmingham, R. F. D. No. 3. .Oakland County. 
Mrs. Amy B. Huesman Ann Arbor................. Washtenaw County. 
HittayPaulson 3 ...ce Grosse:E ointe sea tae Wayne County. 


Mrs. Mary H. GrosvenorDetroit, 213 Pingree Ave. Wayne County. 
Merle Russell, Highland Park High School, Wayne. 

In addition to these paid leaders, there were 1,413 local volunteer club 
leaders in the various counties throughout the State. There were 55 
County Agricultural Agents and County Home Demonstration Agents 
who assisted in supervising clubs. In 29 counties the Commissioner of 
Schools assisted in a similar way. County Y. M. C. A. Secretaries in 
8 counties assisted in organizing clubs and discovering local leaders for 
the same. 


PROJECTS. 
Clubs have been organized in the following projects: 
Summer Projects Winter Projects. 
Crop. Stock. 
Corn. Pig. Handicraft. 

Bean. Calf. Garment Making. 
Potato. Sheep. School Lunch. 
Poultry. 

Canning. Rabbit. 
Gardening. 


Some of these such as stock projects, have developed into year around 
projects. 


TRAINING SCHOOL FOR CLUB LEADERS. 


State and county training schools have been held for the purpose of 
developing club leaders. Six state-wide training schools have been con- 
ducted at Detroit, Kalamazoo, Grand Rapids, and East Lansing. ‘Ten 
county training schools have been held in the various counties. In addi- 
tion to these, a ‘‘Course in Club Leadership” was presented in thirty-one 
of the County Normal Training Classes. One hundred sixty-one sessions 
were held and two hundred seventy-seven persons received this training. 
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ACHIEVEMENT DAYS. 


Following the completion of a season’s work, sixty-one local and county 
Achievement Days were held. At these times, honors and awards and 
prizes were given to the club members who finished their project require- 
ments. On February 6 and 7 a State Achievement Day was held at 
M. A. C. and was attended by two hundred five club members and twenty- 
three leaders from over the State. At this time, the winners of the State 
Championships were announced. 


STATISTICAL SUMMARY OF RESULTS. 


Project of Work. Clubs Members Value of Cost of 
organized. | Enrollment.| reporting. products, | production. | Net profit. 


Chit Sep emNer shops onanaacnae ee Riese ns 19 85 56 $3,073.04 $844.72 2,228.32 
BOtatOccisun se care omens nes Laireeles 86 617 540 12,921.72 4,630.68 8,291.04 
Gardenas cca oecsemaSe cn con aeie eens 1,448 29,110 17,164 | 133,546.44 18,514.44 15,032.00 
Home! Canning?» Asccoacs certs nctete eb es 649 13,234 8,010 88,303.00 | 51,684.27 33,694.73 
Mother, Daughter, Canning............ 22 240 168 10,518.00 6,418.00 4,100.00 
PUSAN DeCh Sc cars cece de one etlewislsen 2 15 10 227,00 169.06 57.94 
Poultry. . ais eats : 65 520 280 9,690.60 3,566.40 6,124.20 
ibis Shambdeeece 23 138 88 12,323.00 8,142.12 4,180.88 
Be As oc oeleteion 22 116 102 5,246.40 2,463.10 2,383.30 
MCIFIMIONG tec seg Sateen aie it oewa Malena 215 2,527 1,063 5,250.15 2,093.94 3,165.21 
Mandicralt.ctee ssn sea eee ae ones 66 619 22 900.54 291.24 609.30 
[EA RO CORO CHORD DOM ACEO ODOUanDOE 40 328 160 6,060.50 1,669.50 4,391.00 
Dheeneaewey canton cise tion ocetn ves 14 88 50 2,146.50 1,605.00 541.50 
IBAA T pee ck en einedlo toxins heretics : 7 14.35 10.00 4.35 
HotSchool Guanch. =. cs...2%oc.s sae. 16 244 198 876.69 389.90 486.79 
REDD baen ose cea teaiiee cies csalsareews 13 DSU ranean semen locas eek ok [cle slnee ee ioe | rele oie manieeas 
Potala stehtesss otk osocs Setiwoseales 2,700 47,989 28,125 |$291,106.93 |$103,456.37 | $188,290.56 


REPORT OF EXTENSION SCHOOLS AND MISCELLANEOUS 
FARMERS’ MEETINGS. 


BY KARL H. MCDONEL. 


Extension schools were held during the winter months beginning 
November first and lasting until the first of April. At the beginning of 
the season, a program had been carefully worked out arranging for ap- 
proximately one hundred twenty agricultural schools and eighty home eco- 
nomics schools, but the influenza epidemic caused this number to be de- 
creased to fifty-eight agricultural and thirty-seven home economics 
schools. Cancelling so many of the schools, necessitated a complete re- 
vision of the schedule and in many cases, gave very short time to advertise 
and make local arrangements. However, the average attendance was 
very high. 

The courses given consisted of four lectures on any two of the following 
subjects: 


Farm Crops. Poultry. 

Farm Management. Home Economics. 
Animal Husbandry. Horticulture. 
Muck Crops. Dairy Husbandry. 
Soils. Drainage. 

Insect Pests. Marketing. 


Farm Engineering. 
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Besides the regular subjects, talks were also given at mass meetings in 
interest of war subscriptions, etc. 

All arrangements for the meetings were made by the local people to- 
gether with the County Home Demonstration and Agricultural Agents. 
Two specialists were present at each school except where local agents took 
part; then only one person was sent. 

The special assistance of H. E. Dennison in Dairying, C. O. T. Scheetz in 
Farm Crops, and Vera Gruner in Home Economics was secured for the 
schools. The Soils Department very kindly permitted Mr. Grantham to 
assist with soils work at the schools. Whenever it was possible for mem- 
bers of the faculty to get away, they were used in the schools. 

In some instances, it was impossible to give a two-day meeting so a one- 
day meeting was held. Here, only one specialist was present from the 
College. Besides the above mentioned meetings, the Poultry Department 
put on a series of poultry schools covering from three to six days. These 
schools were held in cooperation with the County Farm Bureau and the 
poultry associations of the county. 

Free admission to the public was given in all cases except in the largest 
cities. The expense of operating these schools was met by collecting from 
breeders, an entry fee for birds to be shown and judged. Lectures were 
given on breeds, breeding, feeding, poultry house construction, diseases, 
and demonstrations in killing, dressing, cooking, canning, and culling 
were also given. 

Moving pictures that were loaned by the United States Department were 
shown every night. 

Much of the credit for the success of the schools should be given to Prof. 
Burgess of the Poultry Department and his assistants. 

The following tables summarize the different meetings: 
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Place. County. Subjects. 4 = 
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° Pes 

a | 

= re 

ie 
VETNOF 4 cicieine eet Cheboygan......... IDEN a ior ae naeato ae boar Uae BE oOe a OEE aCe areas 24 97 
WMUNrO ee > aed ss Cheboygan......... LD EST CR ORR ber Semcon ack hiAtae ocicenee UAC Tor are ee oan 14 53 
Millersburg. ........ Presque lIsle......... Shi EE oe ehen Secon EO ees Cbs Nbp dd Soseda sae a ean nen seared 25 98 
SiitsmaliGl tem sas MMe tes ace ae a olan |b DaIry-OOl Sis iteysice sen ce ceinn, omens ceils see toee vein shoe ueees 12 49 
ANSON Ss cor ters, cache Minmet! > ao Sado JD ta ett Elva cae ae Baan G SOL ie SOO Os oe aa ee eae 23 72 
Cottreville......... St Clair: so. Bea] harm VAnagemen bneveryave aeercnies cetstakejs eyefaver—to ne clos niece etabete a 2 23 92 
Whinat mee ense ses StiGlar ke seen oe arm Managementeeciss 2. S20 os s2 see suniccarich +. Foca an ehe's 32 128 
AN DION ise. foe coals Cabhouns Sa.555<2022 Farm Management, Animal Husbandry....................... 46 185 
Marshall Calhoun Farm Management, Animal Husbandry......................- 36 146 
Paw PAW cose ccs cs. VaniBurenesac--o-2 POL try-sOlle eet ee eee eee eee aeons lee aa seine 29 115 
AUIDUED ES goatee cee ss BY ee ees: on Dairy- Crops hese eons ee ee hens oe 17 69 
Gobbleville........ VanBurenes.2 s 22s POULER Ye eee oe ate ae ree tas saree 21 205 
Gileadsce os. siaaes. Branchi-cs-een. Farm Management Soils............-2.cceceeevecceees Seana 47) 1&9 
Weelen le SS acecees Ottawa Dairyinn (ees tad ack oS og PRS ones ace toe Sees 92 367 
Holland =s cot. sec Ottawa.. LO Gretel tres seg eee eee ae ea Dee aI ES fe wealo'e «ls 50 200 
Mihree Oaksis2-.....= Berrien tenn. -2 2s Farm Management, Crops, Animal Husbandry................. 17 66 
M.E.College........ Berrien Farm Management, Crops, Animal Husbandry................. 87 175 
Colon gas ener StiJoseph-tsacs ce: Farm Management, Animal Husbandry....................+-- 50 200 
Ganges 3% =S.r.5025% Allegan’. 2 /c2225-..% Dairy COU Gry tees ae ee eee arate Pere felon acer 38 152 
New Richmond... .. Alleman’ 5. 2.22 con: Dairy=Loultryc.nccc cas ore rena ae oon oe Ee eon ee 27 110 
Die G BE eee Shiawassee......... Dairy-oulse tsa. ASS ee lec seen ot rae ce cakes 45 180 
Chesaning.......... DAPINAW Ne oie see l Harm Manasement;Solls:e53en>- 3.5 cee nein ee teens -:. 37 149 
North Branch. . Mapeersecnns bs <- Darry-CrOnehe sect ttae eso ae ee ee ee eee 32 96 
iBurnsides.;.<,.--<.- EADCER rt ns aceieeee Farm Management, Dairy Crops,............-..-2--+-0-ee- 83 250 
PIS LEY niet cicc-tae oe os Newaygo......-.... Poultry sl: Cropacrccks tele Sinsic ts obs ak ees eeon ete 41 123 
Ashland-% = sa =>. Newayf0seneceee ek Poultrya Mi Cropsacsseoe Mees poe rae een eae ee: 85 341 
MUPERBEYS Speen ioc | UDATT Vie s Maes eee Poultry ZDalryis sete aah a ae an A ae ck reac beet en 34 170 
Woodland.......... Barryjaee coos soe Poultry, Dainyaeere eee ae eRe Seneca ee oes 49 155 
Garkeldic sacs iecke 38 Newaygo.....--.... GropsstarmmMechantes: oc res cat aes. so eosin eee: 57 228 
Brookside.......... Newaygo CropssRarmiMechanicss 24 aaneceuces eaten oe oe cata eibese Di 229 
Hinchman.......... Berrien OTIS Seer beers an Sie ee Fam oe se eee RR ore 44 177 
Beaverton......... Gladwin Anmabttusbandrysboultryss. \cnentcas cusene. cece erase. 72 216 
Gladwine 25.22.03: Gladwints.52 2s... AnwnallHusbandrysPoultry.:.. «200 sa 2.ne ae sete inine eee 35 140 
HEEATTIGL tas ct be oe Wexford .......} Animal Husbandry, Soils... .. . Pern, Soe eity Mate 30 120 
IMesicKersh orc 3 Wextord=.ccee- ceo pAnimaltiusbandry Souls. <2. 2s. snes 22 +2 coe ste teenies oes 30 119 
StJosephvew.s- e228 | Berrien s.c'- = Sse Horticultures Gropei sy ssc Mse5 took ose was teen Seesice aes 11 20 
Buchanan...........| Berrien.. Pe |S OLOps ee eet, sit oe sealed e ea eele fg wei 56 85 
Wallan tients. «<7. Washtenaw......... Dairy, Farm Management, ndueational Teen EIA Biber ee 112 560 
AshiGenterss..c-.¢2.| Monroe: cn... >.25 2. Farm Management, Insects...................- Gseeewe wine 3 oc 61 185 
Petersburg......... Monroesencase oes WarmiVianapementelnsects: cements: a: wereciec cine oe nite eeetatorsl= 71 286 
FA Poe ee ree ee SiClainy es conse Lett ha da Rat nee CHa a Th Cen OC EN OA Der Tare cee cighe sea nOaeEe? 75 300 
Birchyville..... go SU Clairteasncy oe Poultry rt ee ee ees ic Wnts Se Tein 31 95 
Diamondale........- Batons cae Soils, Animal Husbandry, Farm Management.................. 75 300 
Taton Rapids....... AUN een ere Farm Management, Dairy. ....2.....-+..----+-4---+> Pose 10 42 
dso a. 4-oee = o-] Lenawee... 2... Breed | CTOPSs LOUL ERY creyscter reenter toch oia ote Sele /— aie SAR ey | 125 175 
WRAKEVIEWin ceo ct nas: Montcalm,.......... Crops s Darya setae ie oa case Hsia sels aera 56 225 
Greenville.......... Montcalm.......... GropssDairye ere eae eee te eee eee 34 103 
Big Rapids......... Mecostamac scare ee Animal Husbandry, Soils, Farm Managcment.................. 6 17 
Rapid City Kalkaska- a0. 20ex Dairyarotatorpand Verebablesie cae cee sir seateratctepete = arate) <teictelon 62 125 
Kalkaska........=.. Kalkzska Dairy, Potatoes and Vegetables See She, Mary Smt: een eys. 21 85 
IA Daraseim as eee = sie /Witngtn Wee Seaseg nee IDM RiALORN Uunne oot o AebAS pcr egseoarpcUreDooneeacenac odace 31 125 
Ma burg tices oe. Berrieharatsc.cs e..c- Sorls*Honticul puc@sen eres etn reicer ne ae se sche cer eln terete = 134 535 
MANGER ic aoe saci oo. Piapeerse asco = Dairy in ee te Reps ner Ci OTE PACER SCE TE Oe 6 PAI 
Boyne City......... Charlevoix:---..%..22 Soles Darrycsaetrrsa oer ete ote Sedo cio eee e Soca kiaee 16 67 
BROMCOM = pais Secs oe Charlevoixs::..-= -.. Soils, IDS ge aid ta ate OAS ee Se ee Se oe Ret eae 14 44 
Clay-Banks...=..... Oceana abt || ID Ata akc dono anocn io ich metas anon ce sone Cor aCeeDocsE tar 28 113 
Roth burye: ssn 5 Oceana estinet oe = ID ha idode Saas at an ees cere nas Seb ca aC Rpan One aoe 36 145 
Sacitaw Town...... Saginaw#)...ch02.55.4). IDE ara cuoncomabaeanae Ao.c 7eEOSne Hoon DOSS EAGoE Uemocaanoes 17 | 69 
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TWO-DAY HOME ECONOMICS SCHOOLS. 
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Place. County. Subjects. = 

S 

=a 
Kalkaskalsccis.0sse Kalkaska........... Hoods; Healthy, ¢./snas sche te earee aR eee eee 56 
Rapid City.......... Kalkagkas sc cctcriss Hoods; Textiles.’ Woclyonccoetinn seein teenie a icins Se 29 
Barker Creek........ Kalkaska........... Hoods) extiless: \tisee emcee ede veal O6 
Ashlandst.c cn coe: News yg0unen neces Foods, Textiles:.. 2.5.3... a Somer Si) 
Burnside. |. citecriscie Gyo Mee a coneponec Foods, Textiles... ... fo Fo oi) 
Chesaning.......... Haginadwarneccdeeee Foods, Health.... ae: 27 
Pnisley= escent Newaygo........... Foods, Textiles..... 21 
NorthBranch....... PAPCCL yas cies Foods, Textile, Poultry. . 26 
New Richmond...... Allegans svisscen can Foods, Textiles, Health. . 14 
Ganges? iio2.5.. countess Alleman aeectoecs Foods, Textiles, Health.... 25 
Holland) ime ccacecee Ottawariecncsseees OOS < eite ssiore cel spoke raises wae eee nes 2 
ZECIANG! seisicls cteisiarsiel= Ottaway wa-ceceeee Wood ais cacie~ caistoconresca ela se haga eee ti 35 
Lake View.......... Montcalm.......... Foods, Textiles, Poultry..... ole bG 
Petersburgessecnace: Monroe senacciaceeee Foods, Textiles, Poultry... 32 
Ash Center.......... Monroe. 2.2225 <a. = Foods, Textiles........... 17 
Foods, Textiles, Poultry... 12 


Foods, Textiles, Health, Pou ert 
Foods, Textiles.............. nels 39 


Foods, Textiles, Poultry. 25 
Foods, Textiles, Health Sars 20 
Hoods, Textiles: coccox yaa oun acs te aaa meee eee 33 
Hoods; Textilesiascienaicicsne concent ar cin ceien Ga ar neee 26 
Hoods; Textilesijs cancels oeeoscne eeu eee ee aoe 35 
Hoods lextilessHealthy.cw.ndatse sce eke eee cone 20 
Hoods; Textiles aes ess arcaters arcs cote en teres ates oioreig baie 30 
Foods; Textiles: sraciiacins ssriirctoc cence cle cneninee ome cere teins 16 
Foods, Textiles: sass ctioasiuetye since Serees eaten eee ene 73 
HoodsifextilesHealith: saecc-ta-soateraecesn pao conan 13 
RoodsTextileasH eal thes) Assercmoconenctaclenecromon ian a 16 
Hoods; extilessHealthssacuan eee pcomeinc aa ceea ten aoeeeen 22 
Hoods TextilesHealtheocnicconcsicesine te ete cieeee me eee 16 
Hoodsi Textiles ice za sc cai oste dice ckiclaio nee nalts 17 
Hoods (Textil és ayc son tos Saas tee coe eee 7 
Foods !\Textiles ysa.7 arieciacor nial meee ace een aioe 10 
Hoods: TextilestrHealtheacmcmescm ceccoce acta nieotoc ee eee 38 
Foods;'TextilessPoultry aus secsnses se va oee eee eee eee ane 26 
Foods; {fextilesHealthicatis sacennee ne co cetacee nen eres 50 


| Total attendance. 
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= 
Co 
ape 
q i= 
8 |.4 
Place. County. Subjects. “2 5 
S 3 
a 
Three Rivers-....... St: Josephs .-..0--. - La Sra biti SoD Re Od oto Gc Co aan eta En DOG CRIS Sono Semen 21 26 
Dtirgises. oe Sansa: St. Joseph. . sal Din pepe dena ode doSto occ noes Ocdanotos cOnSGE AC on Cane ee 43 55 
Mrentony 2.235... EN CHa Rene cen aaoe IDE ia Gopce amon Shope boccse4 s6eobnebonGbce bie saber AC RARE eee 45 BR 
Warrenicias ft .cche WayDe ss. jecnie nea. Potatoes and Vegetabless imc. sche ses staictacee stele cis, Anveiels otcret 45 55 
Dearbornsc $y... :.- WBYDG2 cae aye cus Potatoesand. Vecetablessos cece din a0 cee Aecce bay sticte o 60 60 
MahonaG..cne 2.5.2 Oakland a 5.ecsee Potatoesand Vegetables............0.. 0.20 0e0c ec ceee scence. 100 195 
Waterford.......... Oaklands. 2230.. 23. Potatoes and, Vegetables icy. 2a ancjeiswicictseistl eterno tie lets ovchelcis 100 100 
Camp Custer........ Calthowrssnsscenteiten oor ERS eS aac aera oe neh a ontan iy SRR eC ene no bcee Seman 500 | 1,000 
enderson.......... Shiawassee......... armi Management: oc... cece sarc siciee oistems eeeae ees aio 100 100 
Romeos. o.or.2.... Macomb........... Anima liDineasess ssstecrri etme eta ecer leer astro 50 60 
DAVIS Shoo. ole Macomb: iscsi Animal Diseases...... Sasori teacher eRe eee areas 45 55 
Camp Custer........ Calhoun. essc.<05- Li, Wain Olt) bona ting DOCOs UAE HO OoRO REG E Oo Son oouDUecOUABOCOnE 295 590 
South Haven........ Van Buren.......-- Soil Bacteria: atescensccne wort te ee eae ee ee oes, 100 100 
Wiayiie set ee oie. Waynest: -aomcn ene: Horticulture? 24 ee seca en aco sae Peo ee ON 25 9 
Northville... ...<.... BYNES Pisce cates FOntiqultre saarcsstecre carn acto cere ra cornws sl Sete aes eyelid tore 15 30 
Constantine......... RIOSEDA Nec INS nN fo eae congnecds cone ouch onniaoseane ash aoor soreDGdoe 65 65 
New Hudson WarmiNMe chant case terien eee seer se Ceo acee oie 100 300 
Milford AWartriMec bam CS steve erence ths yearn mere eres 60 120 
Ortonville ; Farm Mechanics 125 250 
Moarlonscc2 Natee code ty OSCCOlAs ac ous ess 5 Live Stock, Soils.. 100 200 
ARE AonD ios Live Stock, Soils 100 200 
MeIROYe sree seein | LOSCEOIA = saan se Live Stock, Soils... ; 112 295 
Reed 'Citynseo css | Osceola, esta. on Live Stock; Sollsic. 22 2c.c neo Ine Se eIER ett oI 45 90 
Rennvillé: 1.2... ~ =. Allegan’ «..:cierccc te Horticulture.......-... EE EAS aS eR EA ae 250 295 
Farmimeton...~......| Oakland... 02.2. -< Orbi culture see cet as eer Sect are hee haces tery epee aches 55 75) 
Meerfield..c..7i.0. ce ivingston.......... Horticulture sscctcacostevis cates ma ee ain oteniee Dnlerteeet 100 100 
Hastings tess. proce | MDALLYs. seis sotsersls(s ROLESEEY cosa eee eters ah are mete nie ec ora as Bedsits lerstcjerelaceus 15 15 
Waterford...........| Oakland............ Farm rope. «.iej-~ clever cities cee cs ecione te cene cece ceseees 40 40 
ROMEO seins lactate MACOMDn.- sreietehars Horbicul tire smetiic cacti ence cones ae ceili eee ere = 30 50 
Bestote eee ya NEWAYEO satis - oceiers Horbicultnreses. cae cayou scien scien cee oie a sem ras niie ee arne 60 60 
65 65 
25 25 
100 100 
75 75 
100 100 
35 70 
300 300 
150 150 
42 65 
45 58 
150 150 
160 160 
24 28 
125 150 
37 37 
Sa es ececiceise ce 0) SNA. ccc tc ce cee H ti vi ele e’ae:0\e1e 7s wlalere.e: viele 0/0) a10.010\0,s,0ejeie o eleldie b/c ele tine ssc cleie s ine 109 
UGK eisr. «ches taf SW OULAWEae)«,c.czo'015 0.070% Grin(aluniroce satin sbocuc nbc onbdoCons pOCcon Cpa oEe Cennope 05 105 
Highland Beat Oe IVINESLOD swictielaicien Soils, Potatoes and Vegetables............-.--seee cece eeeeeee 48 96 
Carson City.........] Montealm.........: OFONSSIDIE MENS Sos gcenccopaccco dee be condsecsn coos OdonGe 50 50) 
Warren icteric MA COIMID: atcrtacretate-e: ID ETI asco SUED cyDODEOR dope cea cde cote npecoanenn Saas 25 25 
New Haven.........| Macomb........... Drainage arate, cscraters ease rats care eres ala loi Sraerelo visveisioleysie:tisyeleisTsice 20 40 
A DIC So aee eins toeies: ||| OREIDAW ais, cisrorcistavs sis) 1D Sia Poh cs Aa S GaN EE OR AC COO RIES SEL ners aera 29 45 
Wacausta cscs ccscns. INGOD sets sane cities arm Manarements suacc cept. ccinscheisicts ositisio/sicie s siecle siete © 15 150 
Riggsville...........] Cheboygan......... Farm! Managemen tic c.'cscr< so fe set soc eee oes vie tie cs tiess.s oS eyeies 24 92 
Rowers stesstaic xan .-| Cheboygan......... WATT MANAGEMENS .05jc) «cate 'stoleheoisioisie’<te!sis=icl- Peon sonatas Sets ee 35 95 
Grantiae ) 22 os|) Cheboygan: sc. [iste miwenntan iC eon meen oo heed ocd GaONOUn Gace GdOCnDaBa be ao 29 29 
ALCON oc, Sere e672 Cheboygan......... arm NATAPEINENG = ter sjovate cere arse acitistiais aieieioie cin s/o are e/m\sis)* oie/eis 39 32 
Bani crobtssaceesecacn Shiawassee......... ATTN ANAPEMONG Sate seine eacietars fo ceieaeicole a:atara: cieveroisic’ se 43 43 
Croswellteee eas 2. Wanilsenc seca. ces ce MarmilManagementserascetsjie ofc cicclos teiec)sjals tactewie's i cleieac 20 60 
Rives Junction......| Jackson............ Farm Management...... Pe ee Oe are Ube aes DREN 75 75 
Michigan Center.....| Jackson............ Warman AapeMmien Gite erate ene oct aska he Cin stor Sie) sicis iste e <'sle.nisincele 30 60 
Grass Lake........ |p ACKSOMG To ssroassie:3 [HAIN APE MNOM Ge reed ee tee oie es oe sie aa's si clae ciesc late ale olose ofeiavals 5 50 
Chiossvs--<. Marr Manapemien tater meray sive cc chet orice, tie is <is ain cre'o'elalavel stapes 50 50 
Cherry Hill . Nes Harm Manarementera etc ett sele cla a /afaia sivisin esi clajsje reel 65 130 
Martinsville......... Farm Management ¢ 35 70 
Denton: ecaece occ. Farm Management 37 75 
C@aledoniawss o> a; 5..5| Kente.c aceite eee Farm Management. . 30 30 
Hast Gilead.....::..2] Branch............. Animal Husbandry . . 50 50 
Quincy see resebicisel | METANCHS. sets ce crenies Animal Husbandry 29 58 
Mtsbleasant:. 2. o. a|plsabella.s. ras csnc.< Animal Husbandry 24 48 
Bethel s.ssen cease |e Draneh yas jeniesinein of Animal Husbandry 79 158 


Kinderhook..... Sere PBIAN GH rntieis sinc 510 Animal Husban 
Nobel aacissteis ricieae ioe LAU CD ce ciera sin’eiecice's imal Husbandry, 


White Weyeccenc 
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Place. County. g 5 

5 =I 

Sto se 

ea | 
Marlettezs. s.1< 21.21 Tuscola... 834 
Holland seieca cece cer Ottawa ene cet ion eck eyoc oie wets lenient beat 1,720 
Rintesere cas venue Genessee 3,644 
BattleCreek........ Calhoun sd i) eo 2c Pee eee ie arette Cee ee ooo ae eine eer eee 3,800 
CO) Yor 81 b | Baars) Ge Se arnt acre Reece Bole ea Deen cae asanMnaAn onic ercimatcect en mae te oben 11,159 
Grand Rapids....... 1 BESS ore BEND SAO GeO OE ee a aaa Sao Meee oicianeabee Sacbaabale sar 5,780 
Muskegon........... Muskegon 3,544 
Detroltsasecectenees LEAR eRe ACRE Ne Ire eA ann crea Seiten oe rea te eee a ote Sa orenoacob ep 8,888 
BE. Lansing.......... A hive Hp nea is Pee Seat AR ae IAM IAT ae en Sie Shea teed ha SOooe 3,750 
Chelses terest cee Washtenaw 1.603 
Diblingssteserres 1 ES oy a pi ae rs eR IES ir BO Acme tA SR har See o 62 362 
Hartford sn san nett Wan Burenint cise cc tence sn ee eae oe ce ce rae on ne Oe a oe Pee eee 354 954 

' 1 
GRAND TOTAL OF ALL MEETINGS. 
Average Total 
Attendance. | Attendance. 

Dwo-day Agricultural School ssciemciscain sen reer e melts ee ernie ares REC an 2,529 9,183 
Tywo-day-Home Fconomics SCHOOIS!s.-2 sa cm cp atomistic mae cae ear itere aria ee iar etree 1,232 4,108 
Qne-day. Agricultural Schools®-se- esis son eee te aor cee cine kee Pee Ee eee enon 5,593 8,142 
One=weelk Poultry: Schools osee beret heli tec elste A eeate Noe aa RCE Lice eR 10,200 46,500 


19,554 67,933 


EXTENSION DIVISION. 175 


REPORT OF EXTENSION WORK IN FARM CROPS. 
BY J. W. NICHOLSON. 


Absence of Extension workers who are with the ovér-seas forces con- 
tinues to limit the scope of the work of this department. However, all 
projects started have been continued and in addition some rather detailed 
cooperative tests have been placed in widely scattered sections of the 
State to demonstrate the special adaptation of improved varieties of 
erain. 

The Michigan Crop Improvement Association continues an active 
factor in our extension work. There were organized this year thirteen 
local associations with one hundred forty members and four hundred 
sixty state members making a total of six hundred members. 

During the past year cooperative tests were carried on with members 
of the association as follows: 

19 tested a half bushel of pedigreed oats. - 
17 tested a half bushel of pedigreed spring barley. 
33 tested a 2 qt. sample of corn. 
23 tested a 2 qt. sample of Karly Wonder beans. 
13 tested a 2 qt. sample of Robust beans. 
52 tested samples of soybeans. 
10 tested vetch. 
2 tested 6 strains of alfalfa. 
5 tested Grimm Alfalfa seed. 
12 tested Hardy Michigan grown alfalfa seed. 


The demand for high yielding good quality seed during the war made 
heavy calls on our farmers who were growing improved varieties. This 
demand, which had its inception largely during the war when high pro- 
duction was especially desirable, is continuing and in fact extending, 
based on the performance of these varieties. 

The pedigreed grain project has been adopted by nearly all the county 
agents and much cooperative work has been carried on through them. 
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There is now a very extensive correspondence connected with this work. 
Besides about the same number of letters sent out by the head of the Farm 
Crops Department to farmers the following number have been sent out 
by the Crops Extension staff during the last six months: 


JANUARY 1, 1919 To JuLy 1, 1919. 


The calls for field work is much greater than the present force can care 
for. 


SUMMARY OF FIELD WORK PERFORMED. 


WAM SEVISIbe Cems ces a rae ests ct Pe ae See ce ee 193 
Demonstrations heldi== G2. haere ete 22 
Attendance at Demonstration meetings... .. i oa ee 265 
Pecture meetings. 25.8 220. ae tier t tone eee sn ota 43 
Attendance at. Lectures... <5. scot ees Alesse 1376 
Hxtension schools‘conducteds.. <5 2.2. 0t 4 ees 13 
Attendanceat extension schools... 2... 2..5...025..2 5... 1853 


REPORT OF EXTENSION WORK IN SHEEP HUSBANDRY. 


BY V. A. FREEMAN. 


The extension work in Sheep Husbandry was carried on cooperatively 
between the Animal Husbandry Division of the United States Depart- 
ment of Agriculture and the Michigan Agricultural College, on the same 
basis as was established during the previous year. 

The same lines of procedure were followed, which were carried on 
mainly, cooperatively with the County Agricultural Agents and the County 
Farm Bureaus. The main work was educational along the lines of selection 
of types, culling, management, and care of the farm flock, although much 
practical work in assisting flock owners to locate desirable pure-bred sires, 
and in assisting breeders of pure-bred stock to find a market, was accom- 
plished. Work with the larger sheep farms on ranches in northern Michi- 
gan, was on a more individual basis, but most of the work was accomplished 
through lectures and demonstrations to groups of sheep owners, rather 
than to individuals. 

A study of the development of the sheep ranches was made toward the 
close of the pasture season, through ranch visits. Winter feeding cost 
records were also kept as a demonstration, on three large sheep ranches 
where the entire feed was purchased for wintering large flocks of sheep. 

The distribution of work is shown by the following table: 


CCUM GS ee pe ea REN ie io tes nk wae ewe 70 
Demonstrations: =o... 22 Pa ae re I 30 
Farm-visits << <3; “ths Hepes Eee Lo Se che Se Sole os ee er 205 
VASAT STS Aya SL (0) SR oe eo tke 
El copircnvecledten feted ek oe ee Pi Sis cae wee ce vo at 739 
IDE Qi TOUT Ce ii ac ieee er ca a rr 851% 
LOG aS THO Te 0 ae eee rae en ge an ar 20614 
EAINS TG NUT Es eer 8 eee a 4,041 
289 : 


Attendance... ...ssseseeeesererrnecenees Ct cae 
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ANNUAL REPORT COW TESTING ASSOCIATIONS. 


; BY J. A. WALDRON. 
> 

July 1, 1918 there were seven cooperative cow testing associations im 
operation in Michigan with a membership of 184 farmers owning 2,262 
cows. Two associations in Allegan and St. Clair Counties were discon- 
tinued before October 1 because of the men in charge entering military 
service and the lack of competent men to replace them. Eight new 
associations have been organized during the year, making thirteen in all. 
Twelve of these are in operation and one will be started about July 20. 

The following thirteen cow testing associations were active in Michigan 
July 1, 1919. 


1. Oceana County Cooperative Cow Testing Association No. 1. 
2. Eaton County Cooperative Cow Testing Association No. 1 
3. Van Buren County Cooperative Cow Testing Association No. 
4. Branch County Cooperative Cow Testing Associ ation No. 
5. Lapeer County Cooperative Cow Testing Association No 
6. Wayne County Cooperative Cow Testing Association No. 
7. Wayne County Cooperative Cow Testing Association No 
8. Northeast Tuscola Cooperative Cow Testing Association. 
9. Nashville Cooperative Cow Testing Association. 
10. Oakland-Wayne County Cooperative Cow Testing Association. 
11. Kent County Cooperative Cow Testing Association. 
12. Berrien County Cooperative Cow Testing Association No. 1. 
13. St. Joseph County Cooperative Cow Testing Association No. 1. 


Nee 


There were in these thirteen associations July 1, 1919, 8349 members with 
4,205 cows on test. 

A great deal of interest has been manifested in cow testing association 
work during the past year and the demands for assistance in organizing 
and for men to take charge have been difficult to meet. 

The county agents in the respective counties where associations are 
located and where organization work is now going forward, have, as in 
the past, given this work the most loyal support and timely aid during the 
past year. <A greater portion of the increase in number and member ship of 
the associations is due to their untiring efforts. 


EXTENSION SCHOOLS. 
Instruction was given in six two-day and fifteen one-day extension 
schools by the extension specialists in dairying during the winter. 


‘Totabattendamce >. ©. oes aero cote re eee cae eee 2,413 
Total number of lectures given......... Pepa Sr teen oe 44 
Total number of demonstrations given. .... Et eee Obes 
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The following table gives a brief summary of the field work of the ex- 
tension specialist in dairying, other than extension schools from July 1, 
1918 to July 1, 1919. 


Meetings Meetings | Attendance 
Class. attended. | Attendance. | addressed. | at meetings 
addressed. 

Conyentiansastates. ce teenct ect ceciele ortee cicalees eres sahwee ones 3 SOOME | cee eite i. Sacclt selec 2 ceeiee 
Boral sCowslestine Associ atlOMcyetraacc cisaioccieciincae ace ttre tek siasnec 28 321 23 321 
Moca leBullAnsociationss «sce ness ot cateea cece ce ae eset einen 6 130 6 130 
Local: Breeders’ and Dairy Associations..............0020-eee cece 8 746 8 746 
Tae ESTO 10) [Hes Ss Ot eR or ORCS Doria DCE oCeretc te 3 93 3 93 
OCs a Misrice ti MIEKA ccs tice tes tenceatcser cms ahaa teers ale Bis ine anton rats : 5 716 5 716 
Whocal= Genera liPanmMerss .cc ced oh eek oleae aise ep araee eases toa 32 1,297 32 1,297 
DEMONSLALOUS HUI Pct nt oe conten ciara eats te asclee trot eretarmernats 12 1,281 12 L281 
DEMODALTATLONSy LeStIN Me Lo ee A ore pee eee arate pc cee Tope se 1 30 1 30 
Hetirs BHOCasatelaee 8 sire. PRE Bree ois Homiecueainae Made eee eons 1 350 1 350 
Contests: Junior, Boysand Girls. .......-. eA Aas ott Re ts ae 3 163 3 163 
@onferences:*County Acents te seco. oeie wae ee Se oie sb ce Slee oe es 3; iI hen ane Salas | ee ee 
WaTIMAVIBLES TONG 6 sso nee nk Paetsch ett ee ae ch aot: BPR bea cos We netic lee sack nc eer ee aa 


REPORT OF EXTENSION WORK IN HORTICULTURE. 
BY J. T. PICKFORD. 


Most of the extension work in now done in cooperation with the county 
agricultural agents. They have a knowledge of conditions in the county 
and usually are available to furnish transportation from place to place 
within the county. | 

About one-half of the value of an extension worker hes in learning the 
practices of the best growers and carrying this practical information to 
others. There are localities which ought to be producing heavily of those 
fruits adapted to the local conditions, but which instead grow a miscel- 
laneous mass of fruits as well as general farm crops. 

A letter has been sent to all county agents outlining a program as fol- 
lows: 

Survey: To ascertain the status of the Michigan commercial 
fruit growing business by securing the names of growers, acreage 
of orchards, age, conditions, amount of each, and variety. The ob- 
ject is to encourage the business in promising locations. 

Demonstrations: This includes all field meets where any routine 
horticultural practice is illustrated. Much interest is shown in 
these meets, especially when staged at a time not interfering with 
the rush seasons on the farm. 

_ Projects: The projects include demonstrations which involve 
time and careful attention to detail. They are for the most 
part intended as community lessons to promote interest in recent 
findings of experiment stations as well as other well established 
facts which are commonly ignored. A list follows: 

a. Planting an orchard following latest improved methods. 
b. Applying manures and commercial fertilizers to balance 
soil needs. Use of water for irrigation during droughts. 
ce. Attempting by different practices to locate the specific 

cause of cases of non-bearing trees. 
d. Individual Tree Production Records as a means of eliminat- 
ing weak strains within varieties. 
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e. Landscape Planting for Country Homes. To show by 
example in communities how easily and cheaply a home 
can be made attractive, as well as adding much to the sale 
price of the farm. 

f. To make illustrative examples of any good practice, as proper 
spraying, fertilization, etc. 

A project has been started in Van Buren County on two vineyards 
which will give a good insight into the fertilizer needs of the grape. This 
in in cooperation with the Van Buren Farm Bureau. 

Several orchard projects in fertilization are either under consideration or 
already started. The results of individual growers along this line are 
also being given close attention and will become available data. 

One project in landscape gardening has been outlined in Clinton county. 

Several cases of non-bearing trees are being given attention. The re- 
sults of fertilization, summer pruning, girdling, etc., will be ascertained. 

One orchard is, through the interest of the owner, having individual 
records kept. A four years record is now available. It is planned to extend 
this wherever an owner is willing to give it the attention. 

A study is being made of orchard cost accounting. Several growers 
are allowing the use of their books to furnish information. 

Cooperation in marketing is always advised but the activity of or- 
ganizing is left to the Extension Specialist in Marketing. 

Pruning demonstrations were held this spring at 32 places. Spraying 
and grafting were also included at several of these meets. Eighty-six 
trees were pruned exclusive of many small trees. 


_SUMMARY. 
HAW ed Yoga ic Fath ee eee Rts tr Mele, Oo ie Seca seman Aras at Rae ober Cb iy) at, 86 
Demonetrationss>. see ee SMa NES Pan ae TRS wae 32 
Attendanceat demonstrations ...2--+66" 2.6 12 oes ee 557 
echure Meetings. nia es eS eee ee rae 29 
Attendance: atdectures a... cevet eee eae eee 1,705 


REPORT OF EXTENSION WORK WITH POTATOES AND 
VEGETABLES. 
Cc. W. WAID. 


The Potato Project: The extension work with potatoes was continued 
during the fiscal year beginning July 1, 1918, in much the same manner as 
it had been conducted heretofore. Modifications were made to. suit 
changed conditions. Mr. H. C. Moore, who was employed to help in this 
work, entered the services of the Government and thus his time was lost 
to this work during the entire year. 

Briefly stated, the object of the work is to encourage.such practices as 
will help to bring about: 


Lower cost of production. 

Better quality seed and table stock. 

More stable markets and uniform prices. 

Greater net profit for the growers. 

Greater value, per dollar invested, for the consumers. 


Si See: 
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Some of the specific things which we have been attempting to encourage 
through the putting into effect of the potato project work are: 

Section I—To demonstrate the advantage of: 

(1) The tuber unit method of improving the seed. 

(2) Hill selection of tubers for seed. 

(3) Greening or green sprouting of the seed. 

(4) Seed treatment to prevent scab and black scurf, (Rhizoctonia). 

(5) Testing different growers’ seed. 

(6) The proper use of commercial fertilizers. 

(7) Close planting on productive soils to increase yield and to re- 
duce the percentage of oversized tubers. 

(8) Spraying with Bordeaux to prevent blight. 

Cooperation with County Agents: This wérk has been carried on al- 
most entirely in cooperation with county agents. In each instance the 
agent selects the men with whom the work is to be done; advertises meet- 
ings; and assists the extension specialist in getting to and from the meet- 
ing place. : 

Field Meetings:. The number of field meetings which were held during 
the year was considerably reduced for the season, because of the fact that 
the growers did not have the time to give to these meetings. There were 
ten meetings held during the year, with a total attendance of one-hundred 
fifty-three. 

Standardization of Varieties: One of the achievements of the year was 
the accomplishment of what had been encouraged since the work began 
in the matter of the standardization of varieties. The formation of the 
Michigan Potato Growers’ Exchange, largely through the efforts of Hale 
Tennant, was a means whereby it was possible to bring about this result. 
The exchange which is composed of over five thousand growers, voted to 
make the late Petoskey (Golden Russet), the standard variety for Michigan 
in all sections where the soil is of a sandy nature. In this way many of 
the varieties which had been grown heretofore in certain sections were 
given up in favor of the fate Petoskey. 

Cooperation with the Potato Exchange: The potato project work as a 
whole has received the hearty support of the officers of the Exchange as well 
as of the individual members of the local exchanges who apparently showed 
more interest than ever before. Work was also done in an effective manner 
in cooperation with various Gleaner exchanges. 

Field Demonstrations: While it is realized that field demonstrations 
are among the most important features of the potato work, it was thought 
best not to urge the growers to engage in this sort of work to any great 
extent during the period of the war because of the shortage of labor. How- 
ever, many growers have carried on certain practices which have proved 
profitable in the previous demonstration work. 

Vegetable Work: The demand for work along vegetable lines has been 
chiefly in connection with the Boys’ and Girls’ Club work, and the Home 
Vegetable Garden work. There has been a considreable amount of work 
carried on in cooperation with the greenhouse men of the state. Such re- 
quests for help as came to the office were taken care of through corres- 
pondence or personal visits. 
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Lectures: There were fifty-two lectures given during the year at which 
a total attendance of three thousand four was recorded. This included the 
extension schools, institutes and special meetings. 

Farm Visits: There were one hundred eighty-eight visits made during 
the year. Many of these were to call upon greenhouse men and inspect 
their crops. While it is against the extension policy to carry on work 
through individuals, there are many cases where it seems this is the logical 
way to do effective work. By helping certain individuals many nearby 
neighbors will be benefited. 

Correspondence: The amount of correspondence during the year has 
been very heavy, the extension specialist having practically all of the cor- 
respondence in connection with potato and vegetable work. 

In addition, timely articlés have been prepared monthly in mimeograph 
form and mailed to each of the county agents. ‘These in turn have been 
printed in the county agent bulletins, local newspapers, and used in 
other ways. A large number of articles have been prepared for the use 
of the publicity department of the College. Many articles have been 
written for various agricultural papers. 

Potato Work in the Upper Peninsula: This report does not include the 
potato work shich has been done in the upper peninsula. J. Wade Weston 
has had this work in charge. His report will include the work done there. 


ANNUAL REPORT OF EXTENSION SPECIALIST IN 
MUCK CROPS. 


BY EZRA LEVIN. 


The muck problems of the State have become more definite and a 
clear conception of what is to be accomplished can be had from the resolu-_ 
tions adopted by the Michigan Muck Farmers’ Association, during their 
last session which was held Farmers’ Week at the College. It was 
pointed out that the muck problems were distinct from highland problems 
from almost every point of view, and that these problems could best be 
solved by men who would give their special attention to muck questions. 
In Europe they have reached this policy where peat experiment stations are 
common, and peat research is made a special subject. 

The reason for this is apparent when we recognize that in every respect, 
peat soil differs from high-land soil. To bring this out clearly, it is only 
necessary to call attention to the actual experience which the writer has 
had this last year. It was found that not only do the muck farmers of 
Michigan feel that they have been neglected in the matter of the solution 
of some of their very important problems, but they have received very 
often advice which was not accurate nor correct, and which was based 
on high-land experience. 

All muck and peat soils are different from high-land soils in these very 
essential respects; first, while the problem of deficiency in nitrogen is the 
serious one in all high-land work, it is not at all a problem on muck and 
peat soils. In fact, the matter of replacing the rapid release of nitrogen 
is a problem on muck and peat. Secondly, high-land soils are to a 
great extent made up of mineral, at least more than 90% is of a material 
which is practically unchangeable, and which has today, and will have 
for unlimited years, practically the same general chemical and physical 
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structure. On the other hand muck and peat are changeable to such an 
extent that the complete chemical and physical structure of peat soil will 
be changed completely in one or two years after drainage, fertilization and 
cropping. Furthermore, there is a deficiency of mineral, not only avail- 
able mineral, but actual mineral, soluble or insoluble mineral matter. 
Thirdly, while the problem of organic matter is the basis for the mainten- 
ance of fertility in high-land soils, the matter of organic matter is obviously 
no problem at all on peat and muck soils, which are usually more than 
50% organic matter. When we recognize this, and recognize the physical 
characteristics of muck, sponginess, lightness, high water-holding capacity, 
-and other physical factors which are so entirely different from high-land 
due to the fundamental physical structural difference between peat and 
high-land soils, then the questions which would arise, entail a completely 
new aspect of the various other problems concerning the peat and muck 
soils. It is essential that this fundamental aspect of the problem be reiter- 
ated because upon the understanding of this, depends the proper per- 
spective of our work. 

Soil and climate are the basis upon which crops have been adapted to our 
agriculture. The complete difference of soil conditions in that the entire 
system of management for the maintenance of fertility of our muck areas 
is reversed, has been noted. Our muck areas are frosty and the season 
is limited. Muck farmers have been trying to adapt high-land crops 
to muck land. Failure after failure has conclusively proved that muck land 
varieties of generat farm crops must be developed and tried out. Enough 
work has been done by this office to show that the matter of varieties, as 
far as adaptation to muck land is concerned is an enormous field, which 
has not been exploited. Such considerations as early maturity, short- 
straw, grain, grasses adapted to moist conditions, frost-proof crops in 
general—all these questions have come up as distinctly muck problems. 

We have found important relationships between the addition of fer- 
terlizers and the rapid breaking down of new muck. We have worked on 
the matter of the relations of manure to the development of muck, and its 
utilization in breaking down the raw muck. 

The entire question of intensive truck growing on muck is a subject 
in itself. We do not recognize sufficiently that Michigan is by virtue of 
its position, likely to be one of the biggest truck sections in the United 
States, and our muck is to play an important part in growing this truck. 
Today we are one of the leading states in the Union in the production 
of celery and onions, both of these almost exclusively grown on muck. 

The matter of varieties, the matter of demonstrations on questions 
relating to these crops have received the attention of this office and will 
receive more as this work is given more funds and more men are put on 
it. We have been marking time this year, as it were, and affirming some 
of the findings of the last year. | 

The question of implements is demanding attention. The implements 
used on high land are not at all adaptable to muck. The tendency for 
implements to sink in muck makes wide wheels necessary, and implements 
of low construction which can: be easily handled, are demanded. A 
great deal of work could be done in cooperating with the manufacturers 
in making tests for plows, and various farm implements on our muck 
areas; as for example, several of the big muck farms in the State of Michi- 
gan today, do not usea manure spreader for the reason that the present 
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types are not adapted to muck. The various implements used in cultiva- 
tion should be changed radically for muck use. All these matters will 
be taken up in cooperation with the Farm Mechanics Department. 

Muck problems have become definite through contact with muck far- 
mers through the State, and through contact with the muck demonstra- 
tions which were carried on under our auspices in various parts of the 
State; namely, in Allegan county, Huron county, and Kalamazoo county. 

Sooner or later it will be found that it will be advizable to have a 
muck demonstration farm, upon which these many things could be tried 
out. 

The work is to a great extent unorganized. It should be divided into 
its two distinct phases, the intensive and the extensive muck farming. 
The intensive farming is a field which requires a special attention to 
truck crops and the various problems arising from the truck crops grown 
on muck. The matter of celery seed, celery varieties, celery diseases, the 
entire celery problem, could very well use a man continually upon it, 
and the fact that it represents an industry in Michigan which goes into 
the millions, is sufficient to urge the appointment of such a man in the 
near future, who would deal with all the muck problems dealing with 
muck truck crops. The entire onion question has never been worked out 
satisfactorily in the State. The growers are ignorant of methods used in 
other states; they are not acquainted with the storage information, with 
diseases, and insect control, with handling of muck, etc. They have many 
problems, and it 1s my belief that the only way these problems can be 
handled is through the specialist who is concerned with all the various 
aspects of the truck crops on muck. 

There is the consideration of the extensive muck agriculture which 
is only a part of the problem of the reclamation and utilization of large 
areas in the State at present unused. It brings up the problem of the 
management of these areas, animal husbandry and cropping. According 
to a careful estimate by United States drainage engineers, there are more 
- than five million acres of muck in Michigan. This office has been giving 
these matters study. Means should be available for carrying our in- 
formation to all the counties in the State, rather than to the few counties 
that we have had time to work in. 

To a great extent the time of this office has been taken up with the 
southwestern counties because of the serious celery problems which have 
arisen this year, problems which have to do with adulterated seed, diseases, 
and plant bed failures, consequently my planned efforts in other directions 
have not materialized. Still, it was possible to carry out several demon- 
strations which are now growing and seem to indicate very interesting things. 

The largest demonstration carried out is a nine acre plat on the Wood- 
ward farm in Constantine, where the Muck Farmer’s Association will 
meet for a summer meeting on July 15, and at which time we will go over 
our problems. We have started a demonstration plat at Traverse City, 
at the State Hospital. This is the second year of a demonstration plat 
at Deckerville in the eastern part of the State, which was a complete suc- 
cess in so far that a farmer made the unsolicited statement that that demon- 
stration was the most valuable farm work, and_had,repaid him more than 
any work that he had ever done. The results of this demonstration were 
printed in full in the ‘“Michigan Farmer’ and sent to all the members of 
our mailing list which numbers about nine hundred. 
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As was mentioned before the Muck Farmers’ Association was formed 
this year, and went on record as requesting the Agricultural College to 
give more attention to the muck areas of the State. A request was made 
for a short course along muck lines, which would deal with the handling 
of soils and management of muck land. 

This office continued to handle Camp Custer manure for the farmers 
of the State, and this work which was outside of our regular work, was 
the result of utilizing almost fifteen hundred cars of manure at a loading 
charge of about ten dollars less than the loading charge of manure at 
Chicago. Not only did it save this large amount of money for the farmers 
of Michigan, but it also made available this manure at a time when fer- 
tilizers were short and no manure was available at Chicago. 

Attempts are being made to renew this contract with the Camp au- 
thorities so that the farmers may continue to receive this fertilizer. 

Considerable work has been carried on, showing the value of the use 
of muck as a fertilizer. This work, which was begun the previous year, has 
led to many interesting results. It should be noted that two companies in 
Berrien county have been formed to sell muck as humus, and the results 
obtained seem to indicate that these companies are giving full value for 
money received. Berrien county has been particularly active in the 
utilization of muck as a fertilizer. Wherever applied under the direction 
of this office, results have been satisfactory. The possibilities for work 
along this line are unlimited. It is hoped that this next winter this office 
can become acquainted with the various counties containing large muck 
areas, which have not been reached, and work outlined_for the following 
summer. 

This work has really been in the formative stage. It must be kept in 
mind that there is very little literature and very little information avail- 
able on these muck problems. However, with the experience and active 
contact with the work in the field and with the big muck farmers, these 
matters have become crystallized, and I feel that we are now at a point 
where definite comprehensive activity in the reclamation and utilization 
of our muck areas should no longer be delayed. 


ANNUAL REPORT FARM MANAGEMENT DEMONSTRATIONS. 
BY CHAS. GRAVES. 


The program of the past year’s work covered four principal parts. The 
first part, The Business Viewpoint, was of general educational nature 
handled largely through the extension schools and farmers’ meetings. The 
work has been very simple and fundamental. The talks and discussions 
_ were illustrated by charts and blackboard work. This phase of the work 
is considered of vital importance by the demonstrator and especially in 
view of the fact that very few of the extension workers of the State have 
had previous training in farm management as a subject. 


FARM RECORDS AND ACCOUNTS. 


More time has been devoted to Farm Records and Accounts than any 
other single subject. Two types of account books have been published by 
the department during the past year. The two account books were of 
different grades of work. The No. 1 being as simple and elemental as 
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possible with the aim in view to meet the demand for a beginner’s book. 
This book was distributed through the county agricultural agents and the 
banks. The No. 2 account book is a complete farm record and includes 
a complete labor record as well as financial record. This book has been 
popular among the farmers who wish to study their farm business in more 
detail than is possible in any other way. This book has been distributed 
only through the farm management office and the county. agricultural 
agents. > 


AGRICULTURAL CREDITS. 


A credit statement to be used by farmers in asking for short time 
loans was prepared by the demonstrator and presented to the bankers 
both by correspondence and at the district meeting of the Bankers’ Associa- 
tion. The farm management demonstrator furnishes additional copies 
to anyone on request. 


LABOR EFFICIENCY 


A due portion of time has been devoted to this subject both at extension 
schools and with farmers on their own farms. The size of farm, arrange- 
ment of fields, size of team units, and the efficient use of farm machinery 
have been emphasized according to their importance for the most economic 
use of labor. 

The policy of the démonstrator has been to work entirely through the 
county agricultural agents and they haye been responsible for the work 
done in their respective counties. 

The demonstrator presented farm management work at five of the 
county agent conferences held during the past year and spent some time 
in conference with individual county agents in planning the program to 
be followed in pursuance of the project. 
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STATISTICS OF ANNUAL REPORT, FARM MANAGEMENT DEMONSTATIONS, 
JULY 1, 1918 TO JULY 30, 1919 


: ¢ Account Books Farm Special | Extension | Schools 
County. No. 1. No. 2. Visits. Meetings. I-day. 2-day. 
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REPORT OF EXTENSIONjWORK IN_APICULTURE. 
BY EDWIN EWELL. 


In the past,beekeepers have worked quite independently. Disease 
became widely spread and ancient methods were used. Only a very 
small part of the nectar was being secured. The shortage of sugar and 
the need for a larger production of other sweets, was ground for an appeal 
to the beekeeper. 

Our policy has not been to produce more beekeepers, but to produce 
better beekeepers. It was evident that this could be accompilshed best 
through organization and cooperation. It would be as easy to instruct a 
group as an individual. The work must be educational and requires 
time. 

Many individual beekeepers have been visited in thirty counties of 
the State, mostly in the southern part. We have worked where traveling 
facilities were best in order to reach the largest number. 

Thirty-two counties of the State now have Beekeepers’ Associations: 


Bay Gratiot Kent St. Joseph 
Branch Grand Traverse Lapeer Saginaw = 
Berrien Hillsdale Lenawee Sanilac 4 , 
Cass Huron Mason St. Clair 4 
Calhoun Ingham Macomb Shiawassee 
Clinton Tonia Monroe Tuscola 
Katon Jackson Oakland Wayne 
Genessee Kalamazoo Ottawa Washtenaw 


I attended the State Fair at Detroit, with an exhibit by the State Bee- 
keepers’ Association. Also an exhibit during Farmers’ Week at East 
Lansing, and in both places gave almost a continuous lecture on beekeeping. 

I have given six addresses on beekeeping in schools, farmers’ clubs, 
and meetings of fruit growers. 

I have given addresses at the State Beekeepers’ Association Meeting, 
Short Course in Beekeeping at the Agricultural College, and at a two-day 
school at Three Rivers, and at a meeting on inspectors at East Lansing. 

Forty-five county beekeepers’ meetings have been attended and an 
address given at nearly every meeting and many questions answered. 
About 1,100 persons were present at these meetings. 

The work has gone steadily along during the year, except some in- 
terruption caused by the flu epidemic. 

Like all educational work, results are most noticeable where the largest 
number of meetings have been held, and the most work done. 

Michigan is an exceptionally good state for beekeeping and there is 
need for a larger conservation of the nectar that now goes to waste. There 
is a tendency for a larger number of men to become larger honey producers. 
Disease is better understood and, if not eradicated, is being controlled 
more and more and the outlook for larger honey production in Michigan 
is bright. 
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REPORT OF EXTENSION WORK IN HOUSEHOLD 
ENGINEERING. 


BY O. E. ROBEY. 


The work has been carried out much the same as during the previous 
year. Since the close of the war, renewed activity has been noted in all 
lines of work. In fact, the demand has been so great that it has been im- 
possible to give assistance in all places where asked. 


’ EXTENSION SCHOOLS. 


As usual the winter months were spent largely in lecturing at Extension 
Schools. Lectures on both Drainage and Household Engineering were 
given. During the winter sixteen schools were attended and forty-one 
lectures were given to an aggregate attendance of 2,274. 


HOUSEHOLD ENGINEERING. 


The work in Household Engineering has consisted in sending out plans, 
lectures, and the construction of septic tanks. Twenty septic tanks have 
been constructed during the year. 


DRAINAGE. 


The work in drainage has increased rapidly during the year and has 
gradually widened in scope. A more careful study of this subject cannot 
help but show the great need in this state for more and better drainage. 
Inagreat many cases, it is the fundamental need before good agricultural 
practices can be applied. 

The work has consisted of lectures, surveying fields and farms, giving 
suggestive layouts-for drainage systems, assistance in securing outlets, etc. 

In St. Clair county, the drainage work has been carried on in a some- 
what extensive manner. This county is especially in need of tile drainage. 
A large part of the soil is a heavy clay and the last three or four seasons of 
especially wet weather has clearly shown that satisfactory crops cannot 
be grown on this land under the present conditions. 

A study of the situation in this county showed that in order to make 
the work most effective it was necessary to carry on an educational cam- 
paign and, also, to assist in securing tile and in getting the tile put in the 
ground. 

The educational work has been carried on for the past two years and has 
begun to show good results. As a continuance of this educational work 
and in order to bring an object lesson before each community, a series of 
demonstrations were started this spring in cooperation with the county 
agents. Fields of twenty-five to forty acres were secured in various parts 
of the county (about 300 acres in all) for drainage and démonstrational 
’ purposes. These fields have been selected so that they can readily be seen 
from a main road. A large tile drainage machine has been secured to go 
into the county and tile these fields according to our plans. The work is 
now in progress and very satisfactory results are expected. A great deal 
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of publicity has been carried on by Mr. Brody, the County Agricultural 
Agent, and the papers of the county have cooperated fully in carrying out 
this phase of the work. 

On June 27, 1919, a large drainage demonstration was held at one of 
the farms. About two hundred people were in attendance. The people 
attending came from nearly every township in the county. The demon- 
stration attempted to show a practical method of putting in tile by a 
power machine, as well as methods of laying out farm drainage systems 
and various technical points important in drainage work. 

The tile used in this demonstration work (about fifty carloads) has been 
bought cooperatively at a saving of over fifty dollars per car. A move is 
also on foot for buying future orders of tile used in the county in a similar 
manner. 

It is expected that two or three power drainage machines will be pur- 
chased, as a result of the demonstrational work, either by cooperative 
companies or individuals so that the work will be able to continue in the 
county. - 

Accompanying this report is a photographic reproduction of a sign 
used to call the attention of passersby to the demonstration, also a map 
of the county showing the location of the various plots and a copy of a 
farm map furnished the farmer who is having the work done. 


TRACTOR DEMONSTRATIONS. 


During the year assistance has been asked by various county agents 
in holding tractor demonstrations. Two very successful demonstrations 
have been held, one at Centreville last fall, at which there was an at- 
tendance of about 10,000 people, and one this spring at Coldwater with 
an attendance of 4,000. The county agents of the counties in which these 
demonstrations were held deserve a great deal of credit for the great 
amount of detail work necessary to make these demonstrations a success. 


REPORT OF EXTENSION WORK IN FORESTRY. 
BY E. C. MANDENBURG. 


During the first half of the fiscal year the work was carried on by the 
staff of the Forestry Department. A number of woodlots were examined 
and several dune areas were visited and demonstrations held. 

On January 1, the specialist resumed work. <A hurried general survey 
was made and a good healthy interest in forestry was found to exist over 
the whole Lower Peninsula. Numerous requests have been received 
for woodlot examinations and assistance in marketing woodlot products. 
Several areas were visited and planting plans and recommendations were 
made. Over seventy thousand seedlings and transplant trees were planted 
on three different ‘‘sand blow” projects. Two of these were “‘follow-up”’ 
projects while the third was a new one. The preliminary work and ex- 
amination on this project was made by a member of the Departmental 
staff. All the planting work in connection with these projects was carried 
on through the cooperation of farm bureaus and farmers in the immediate 
vicinity of the Blows. The specialist was on hand to direct the work. 

The work in the maple syrup pr oject was advanced by a Round-Up of 
makers at the College during Far mers’ Week, this being the second Annual 
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Meeting of the association, and by visits to the sugar camps. A keen inter- 
est was manifested among the sugar makers in the care and management 
of the sugar groves and in the application of the new Woodlot Tax Exemp- 
tion Law of 1917. 

Opportunities for addresses concerning forestry and related matters 
have not been wanting. Talks were made before farmers’ clubs, granges, 
women’s clubs and at demonstrations. A number of articles were written 
for the public press and several county agents having monthly publications 
were supplied with forestry articles. 

Efforts have been made to encourage and assist in every way the 
various organizations which are interested in highway tree planting. At 
the last session of the Legislature the Department of Forestry was asked 
to draw up a bill which would provide for the planting and care of trees 
on State Reward roads. This bill was passed and signed by the Governor 
and is now a law. This will greatly aid the development of prettier high- 
ways and will be no detriment to traffic but will add much to the pleasure 
of a drive over these roads. 

During Farmers’ Week a forestry exhibit was given and particular in- 
terest, was manifested in the windbreak exhibit. During the coming year 
plans are being made to stimulate interest in the planting of shelter belts 
and in this way to assist the farmer in improving the home surroundings. 


SUMMARY OF WORK PERFORMED. 


Number Attendance 


TURIN GVASIGS: oats ce susnsh lS clears Mote 169 
Demonstrations held ./.<% sss 50s... 11 158 
BE Ube INge ied ee eon oe at ae ae RL et 19 527 
Countiye VISIS > once hava oS ee ee 36 

Woodlots visited (acreage 1,800)... .. 52 

Sand dunes visited (acreage 1,200)... 12 
Conferences with agents and others. . 103 7 
Reopleserved 0s oe wae ea 1,380 


REPORT OF EXTENSION WORK IN DAIRY PRODUCTS. 
BY O. T. GOODWIN. . 


The greater part of the extension work in dairy products has been 
carried on directly with various dairy manufacturing plants. Most. of 
this work has been directed to the correction of inefficient methods in the 
plant and the improvement of the finished product. 

Instruction has been given in such subjects as the Babcock test, moisture 
test, moisture control, workmanship of butter, neutralization, care 
manufacture of cottage cheese and ice cream, and the purchase of dairy 
machinery. 

During a portion of the year a survey was made of the creamery con- 
ditions in various sections of the State to determine what factors on the 
plants lead to the farmers being furnished the most satisfactory market. 

A certain amount of work has been done among patrons to improve the 
quality of the raw product furnished dairy manufacturing plants. It is 
planned to carry on more of this work in the future. 

’ 
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Considerable time has also been spent in conference with officials of 
the Food & Drug Department in regard to the Babcock Testers’ License 
Law and the method of application. 


SUMMARY. 
Daysinofice and laboratory: c: «2... 1 ect ee 86 
Days tnhield 225 oe ans es cok te ae 106 
Dairy. manufacturing plants visited... .°. .2:..22.-7.<- 85 
Meetingsattended. 523 52 ew Se er ei ee oe 8 
Meetings addressed. ceo \sete sot tan crt eee Pie ue 2 
Attendance at meetings addressed................... 120 


REPORT OF FIELD AGENT IN MARKETING. 
BY HALE TENNANT. 


The work of the Field Agent in Marketing in Michigan during the fiscal 
year passed may best be described by an account of the activities in the 
following agricultural industries: 


i SP OtatO, 4. Milk and other dairy products. 
2. .Pruit: 5. Beans and grains. 
3. Live stock. 6. Vegetables other than potatoes. 


In the potato industry, the’ organization of local associations on the 
plan described in the last report was continued until a sufficient number 
had been completed to warrant the organization of the central association 
which was completed on August 14 and 15 at Traverse City, Michigan. 
This central organization is known as the Michigan Potato Growers’ 
Exchange. This exchange was organized on a strictly cooperative, non- 
profit, non-capital stock basis, to comply with the requirements of the 
Clayton amendment of the Anti-Trust Law, so that both local and central 
organizations should come under this amendment. The relations of 
the local association to the central organization are very similar to the » 
relations of the individual farmers to the local unit. That is, they are 
contractual and the fulfillment of the contract is secured by the deposit 
of a promissory note, the principal function of the central exchange being 
to supply a sales service for the local members association whose work, 
in turn, is to assemble, store, grade and load for shipment, the farm 
products of its members. 

The time intervening between the organization of the Central Potato 
Exchange, and the active operating season which began in October, was 
devoted to the development cf a practical working plan for the organization. 
Special attention was given to the development of the sales and shipping 
service. Considerable time was spent in conference with the Board of 
Directors and officers of the exchange in formulating a definite policy, and 
also in consideration of the personnel of the prospective sales staff. A 
trip to Virginia was made to study the sales and shipping methods of the 
Virginia East Coast Produce Exchange and also in the hope that some 
cooperative arrangement could be made with that organization relative 
to some phases of the sales service, especially as regards representation 
in market. Attention was also given to an accounting system for the 
central as well as the local organizations, and the services of a representa- 
tive of the project of the Markets Business Practice were secured. 
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Considerable work was also done on banking arrangements for the 
central organization as well as the locals, and a continuous effort was made 
to enlist the support of the banking and business interests of the section of 
the State in which the organizations are operating. 

The organization of local associations was continued throughout the 
year. The plan included. covering, as far as possible, the northern part 
of the lower peninsula and also the upper peninsula. 

The membership of the Michigan Potato Growers’ Exchange at the 
commencement of the shipping season included the following associations: 


Alba Marketing Assn., Alba. 

Barker Creek Cooperative Marketing Assn., Barker Creek. 
Barryton Cooperative Assn., Barryton. 

Bellaire Cooperative Marketing Assn., Bellaire. 
Boyne City Cooperative Marketing Assn., Boyne City. 
Brutus Cooperative Market, Brutus. 

Cooperative Marketing Assn. of Cadillac, Cadillac. 
Cedar Produce Exchange, Cedar City. 

Central Lake Marketing Assn., Central Lake. 
Cheboygan Cooperative Marketing Assn., Cheboygan. 
Dighton Cooperative Marketing Assn., Dighton. 
East Jordan Cooperative Assn., East Jordon. 

Elk Rapids Cooperative Marketing Assn., Elk Rapids. 
Banks Township Market Assn., Ellsworth. 

Elmira Marketing Assn., Elmira. 

Empire Produce Exchange, Empire. 

Falmouth Cooperative Marketing Assn., Falmouth. 
Otsego County Cooperative Assn., Gaylord. 

Garfield Marketing Assn., Fife Lake. 

Hart Cooperative Marketing Assn., Hart. 

Farmers Cooperative Assn., Kingsley. 

Lake City Cooperative Marketing Assn., Lake City. 
Levering Cooperative Market Assn., Levering. 
Mesick Cooperative Marketing Assn., Mesick. 
Manton Cooperative Marketing Assn., Manton. 
Mancelona Marketing Assn., Mancelona. 

Petoskey Cooperative Market Assn., Petoskey. 
Provemont Cooperative Marketing Assn., Provemont. 
Rapid City Cooperative Marketing Assn., Rapid City. 
Rogers City Cooperative Marketing Assn., Rogers City. 
Rodney Cooperative Assn., Rodney. 

Farmers’ Cooperative Assn., Traverse City. 

Wolverine Cooperative Market Assn., Wolverine. 


The enclosed map, marked ‘Exhibit A,’’ indicates the location of these 
organizations. On July first, the membership for the Exchange had 
increased to include the following organization: 


Helena Produce Assn., Alden. 

Bark River Market Assn., Bark River. 
Bendon Produce Exchange, Bendon. 
Benzie Farmers’ Cooperative Assn., Beulah. 
Buckley Marketing Assn., Buckley. 
Charlevoix Cooperative Assn., Charlevoix. 
Evart Cooperative Shipping Assn. 
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Gleaner Farmer Produce Co., Fife Lake. 

Grant Cooperative Marketing Assn., Grant. 
Hobart Cooperative Marketing Assn., Hobart. 
Kalkaska Produce Co., Kalkaska. 

McBain Cooperative Marketing Assn., McBain. 
Millersburg Cooperative Marketing Assn., Millersburg. 
Onaway Cooperative Marketing Assn., Onaway. 
Posen Cooperative Marketing Assn., Posen. 
Cleon Marilla Marketing Assn., Pomona. 

Delta Market Assn., Rapid River. 

Mason County Cooperative Assn., Scottsville. 
Stanwood Cooperative Assn., Stanwood. 
Leelanau Potato Growers’ Assn., Suttons Bay. 
Woodville Cooperative Assn., Woodville. 

White Cloud Cooperative Assn., White Cloud. 
St. Nicholas Market Assn., Winde. 


In addition to the above organizations, the following organizations 
have been completed and expect to join the Cadillac Exchange in the near 
future. 

Big Rapids Cooperative Assn., Big Rapids. 
Cloverland Market Assn., Daggett. 

Ford River Market Assn., Escanaba. 

Hillman Market Assn., Hillman. 

Baraga County Cooperative Assn., L’ Anse. 

Lake Ann Farmers’ Cooperative Assn., Lake Ann. 
Lewiston Market Assn., Lewiston. 

Marquette Farmers’ Market Assn., Marquette. 
Schoolcraft County Cooperative Marketing Assn., Manistique. 
Baldwin Market Assn., Perkins. 

Republic Assn., Republic. 

Skandia Market Assn., Skandia. 

Shelby New Era Cooperative Assn., Shelby. 

The enclosed map, marked “Exhibit B”’, will indicate the location of 
these organizations. 

There are, in addition to the organizations above listed, a considerable 
number of prospective organizations, and it is confidently expected to 
increase the membership of the Potato Exchange to from eighty to 
ninety organizations during the next fiscal year. 

The results of the year’s work of the Michigan Potato Growers’ Ex- 
change are briefly as follows: 

Retalnumberoficars:handled-m 2 eorss ae ee AVA 
In addition to the above, 75 cars of potatoes have been handled since 


the first of last July, which really should be included in this year’s busi- 
ness, making a total of about 2,300 cars. 


92,326,000 lbs. of potatoes were sold for......$1,502,751.34 
Sales of products other than potatoes totaled. 306,195.40 
Supplies purchased for organization totaled. . 68 ,836.00 

Makiniea totaiobe. 22cxc. abet ee $1,877, 782.74 


Another distinct result of the operation of the Potato Exchange was 
the wide distribution of its products. The 2,300 cars were sold to ap- 
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proximately 403 buyers, located in all the states of the Union east of 
the Mississippi except the state of. Mississippi, and to several states west 
of the Mississippi. It is a noticeable fact that very few potatoes of the 
Michigan Potato Growers’ Exchange were sold to the city of Detroit. There 
was also a noticeable absence of piling-up of potatoes in certain preferred 
markets. One of the most valuable results obtained by the efforts 
of the Potato Exchange was the work done in the standardization 
of the product. It was found that a large number of varieties were being 
grown in the section, and a still further number of mixed varieties. Con- 
sistent effort was made throughout the year to reduce the varieties grown, 
as far as possible, to the variety known as the Russet Rural, and which has 
been named by the Potato Exchange, the Petoskey Golden Russet, and 
it is hoped to eliminate practically all the varieties except this and certain 
types of round white potatoes which are suitable for the heavy soils. 

Not only the elimination of a lot of undesirable varieties, but also the 
improvement of the varieties recognized, was made a permanent policy 
of the organization. This improvement of the varieties was carried on 
under the direction of Mr. C. W. Waid, Potato Specialist of the Michigan 
Agricultural College, and it is hoped that this work will be continued 
through the coming season. 

Demonstrations were also held throughout the territory of the Ex- 
change by Bureau of Markets inspectors and county agents, to explain 
the grades and to show farmers the great economic loss occasioned by the 
lack of proper grading. The results of the efforts of organization along 
the lines of standardization may be best shown by the fact that out of 
the 403 customers who bought the Exchange products, all but three have 
written commendatory letters on the quality of the output is recognized 
to be of the very greatest importance, and the organization cannot hope 
to een any marked success unless its outputisof distinctly meritorious 
quality. 

Another result of the operations of the Exchange was a general re- 
duction in the handling cost of potato marketing. The fact that there were 
practically no cooperative marketing associations in the state during the 
season of 1918 and that the cooperative organizations operated for the 
first time on a large scale in the season of 1918-1919, makes it possible to 
show the results of the organization movement, especially since the United 
States Bureau of Markets reports were available for at least part of the 
season of 1917-1918 and the season of 1918-1919. It is regrettable that 
the reports for 1917-1918 do not cover the whole season, as regards the 
prices paid the farmers, but these reports do cover the most of April and 
May in 1918 which are sufficient, we believe, to warrant their being taken 
as typical for that season, and it can be easily demonstrated that the re- 
ports for April and May of 1919 are typical for the whole season of 1918- 
1919. According to these reports, the average difference between the 
price paid to the farmer and the price received by dealers and organiza- 
tions from the 11th of April to the 24th of May in the year 1918 was 
$.4871 per hundredweight. The average difference between the price 
paid to the farmer and the price received by dealers as shown by the 
government reports for the period between April 11 and May 24 of the 
year 1919 was $.2724 per cwt., making a total reduction in the cost of 
assembling and sale of potatoes of $.2147 per cwt. 

According to the reports of the Bureau of Markets, the State of Michigan 
has shipped to date something over 11,000 cars, the average weight of 
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these cars running aroung 42,000 Ibs., making a total of 862,000,000 Ibs. - 
of potatoes. If this average saving of $.2147 per cwt. were made on this 
total amount of potatoes, the total saving would be equal to $1,850,714.00. 
Extended observation would indicate that the pricée paid by dealers to 
farmers in the territory not within the influence of the Potato Exchange was 
considerably less than the amount paid the farmers within the territory in 
which the Potato Exchange was operated. 

The average difference between the highest price paid to farmers and 
the highest price that the potatoes were sold for during the period described 
in the year 1918, was $.5203 per ewt. The average difference between the 
lowest price, as indicated by the government reports, paid to the farmer 
and the lowest price received by the dealers and other operators during 
1918 for the period mentioned was $.4521. Now the average price between 
the highest price paid to the farmer and the higest price for which potatoes 
sold during the period mentioned during the season of 1919 was $.1922. 
The average difference between the lowest price paid to the farmer during 
the period mentioned in 1919, and the price that the potatoes were sold 
for by the dealers and the Exchange, as indicated in the government bul- 
letin, was $.3500. While there is no direct evidence in these figures to 
bear out the conclusion that the low cost was within territory of the Ex- 
change, and that the high cost was in the territory not affected by the 
cooperative marketing organizations, many observations throughout the 
state would indicate that this condition prevailed. 

It is possible that there may be some other reason than the effect of 
the cooperating marketing associations, in reducing the marketing cost of 
potatoes, but that reason is not apparent, and to a close student of the 
problem, there is little other conclusion possible than that it was the direct 
effect of the cooperative marketing associations operating at cost, which 
produced the results above described. 


THE FRUIT INDUSTRY. 


Marketing work in the Michigan fruit industry was devoted principally 
to the uniting of organizations already established in the fruit belt. <A 
movement had been under way for several years, among the grape associ- 
ations of Berrien and Van Buren counties, looking to the formation of a 
central sales organization. This was practically secured afew years ago by 
all five of the associations in the field uniting and employing the same sales 
agency. However, a need was felt of some permanent arrangement be- 
tween the locals other than above described, and a meeting was held at 
Hartford early in the year, at which plans were fairly well matured for a 
proposed federation. As the organization did not contemplate a combined 
sales service, and interest in other problems affecting the industry was 
not active, the organization did not thrive as is usual with farm organiza- 
tions of this type, the principal weakness being that there was not sufficient 
work to maintain-active interest outside of the sales and supply business. 
As the crop in the grape belt was very light, and the development of the 
grape juice industry was such that practically all the grapes grown in 
Van Buren county, and also a considerable portion of the Berrien county 
output, were absorbed by the juice factories, it beeme apparent that the 
tonnage of grapes was scarcely large enough, especially in years of light 
yield, to support any kind of a permanent organization, and it became 
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more and more apparent that it would be necessary to combine all the fruit 
organizations in the State to furnish sufficient tonnage to properly sup- 
port a central sales agency. 

Consequently plans were developed for the formation of a state-wide 
exchange which would include all fruit organizations. After a careful 
study of the situation, it was concluded that the best plan was to effect a 
reorganization of the Michigan Fruit Packers’ Federation. That was 
accomplished at the annual meeting of the said organization, and the 
personnel of the management was completely changed. The name was 
changed to the Michigan Fruit Growers’ Exchange, and other amendments 
to the by-laws and Articles of Association were voted, in order to make the 
organization satisfactory, particularly to the grape interests. Four of the 
grape organizations had indicated their willingness to join, and it is hoped 
that all the fruit organizations may unite on this plan in the near future. 

The problem presents many complications, and it is thought advisable 
not to press the matter at present. The members of the former Michigan 
Fruit Packers’ Federation were all visited in the interests of the formation 
of a central sales agency. Some efforts had been made along this line the 
preceding year, but with rather unsatisfactory results. All the member 
organizations were visited and, with the exception of the South Haven and 
Fennville Fruit Exchanges, all the organizations have agreed to a cen- 
tral sales plan. 

In addition to this work, new organizations are being completed in 
the northern part of the state, one of which, the Hart Cooperative Mar- 
keting Association, has already joined the Michigan Fruit Growers’ Ex- 
change. The enclosed map, marked ‘‘Exhibit C’’, indicated the location 
of the Fruit Growers’ organizations in the state, and the location of the 
central office in Benton Harbor. 


LIVE STOCK INDUSTRY. 


Interest in cooperative marketing of live stock has been very active. 
and a large number of local organizations have been completed in the 
State during the past year. 

In response to a general demand coming from local live stock shipping 
associations throughout the State, an effort was made to organize a state 
live stock exchange, the purpose of this exchange being to co-ordinate and 
unify the efforts of the local associations and to mobilize their financial 
power and strength for the general protection and upbuilding of the in- 
dustry. Work on this central live stock exchange was delayed until the 
appointment of Mr. G. C. Raviler as Field Agent in Organization, who was 
to give special attention to live stock marketing in the State. 

In response to a general call, representatives of about sixty-three live 
stock shipping associations assembled at Lansing on the 20th and 21st of 
March. A constitution and by-laws were adopted and the following direc- 
tors elected: 


BPrecemiitind. eee sloss coe eee Grand Traverse County. 
dw WS CO Vey (2h see ee Cheyboygan County. 
Belts Compsoniers 265-...06 5 6 ooo: Mecosta County. . 

ieee Wallet ies 5) t25 sho te oes © bess Shiawassee County. 
CMU EIAETISOM es oS hic. = a os St. Joseph County. 

(Ont Deel BYGi 000 age ag Lenawee County. 

Yael Dye Wb aa era Genessee County. 
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Mr. C. L. Harrison was electedfpresident; Mr. H. T. Glezen, vice-presi- 
dent; Mr. E. C. Beamer, treasurer; and Mr. L. E. Willett, secretary. 

Mr. Raviler is meeting with uniform success in allying the shipping 
associations with this state association, but on account of the extremely 
large number of associations and the wide territory included, it may re- 
quire considerable time to develop a membership sufficient to warrant 
the taking on of any large economic functions. The enclosed map, marked 
“Exhibit D,”’ shows the location of the live stock shipping associations 
that participate in this organization movement. The central office will be 
located at Lansing, Michigan. 


DAIRY PRODUCTS. 


The work in this field has been devoted to the study of milk marketing 
problems, especially with the cooperative distributing plants in the State, 
and in addition, the Berrien County Milk Producers’ Association was 
organized in the cities of St. Joseph and Benton Harbor for the purpose 
of distributing milk in these cities on a cooperative basis. This organiza- 

_tion is now completed and in operation, having bought out the two com- 
petitive plants in the Twin Cities, and the developments along this line 
are being studied with interest. 

Toward the close of the fiscal year, attention of the Field Agent was 
drawn to the milk distributing area of Detroit by reason of certain petitions 
being sent to the Bureau of Markets at Washington, requesting a survey in 
the city of Detroit to ascertain the surplus milk arriving in that city. In 
anticipation of a re-organization of the Milk Producers’ Association of the 
Detroit area, plans are being formulated for such re-organization. 


GRAINS AND VEGETABLES. 


In the other fields in the State, notably the beans and grains, and in 
vegetables other than potatoes, including onions and cabbage, numerous 
local organizations have been completed, but as yet, no effort has been 
made toward combination of elevators for the purpose of centralized mar- 
keting. 

In addition to the work in the agricultural industries above described, 
numerous conferences have been held with groups of county agents in 
various parts of the State on numerous marketing problems, and an effort 
was made to acquaint the county agents with the general marketing pro- 
gram which has been advanced; that is, the organization of agricultural 
interests of Michigan along the line of the different products. At these 
conferences attention was often given to the general problem of cooperative 
marketing as it presents itself in local associations and also the combination 
of local associations into district or state exchanges. 

Addresses have also been made to farmers at numerous gatherings 
throughout the State, on the general problem of cooperative marketing. 

The work of Mr. G. C. Raviler, Field Agent in Organization, since his 
appointment, has been very satisfactory, and his services will no doubt 
be of value to the farmers of the State. Mr. Raviler’s extended experience 
in cooperative organization makes his advice of especial value to com- 
munities that are attempting cooperative organization, especially those 
communities that are attempting to combine into one local unit, practically 
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all of the farm cooperative activities, and as the tendency of the state 
seems to be in the direction of eliminating unnecessary duplication of 
farm organizations, especially in the same community, it has been neces- 
sary to give special attention to forms for organization of this type. 

The following is a list of the organizations which Mr. Raviler has 
been wholly or partly instrumental in completing since his appointment: 


Stockbridge Producers’ Association. 
Milan Live Stock Shipping Association. 
New Haven Agricultural Association. 
Dexter Agricultural Association. 
Munith Live Stock Shipping Association. 
Brooklyn Cooperative Association. 
Dryden Producers’ Association. 
Metamora-Hadley Farmers’ Association. 
Imlay City Farmers’ Association. 
Gregory Agricultural Association. 
Highland Agricultural Association. 
Cohoctah Agricultural Association. 
Fowler Live Stock Shipping Association. 
Colling Farmers’ Elevator Association. 
Homer Farmers’ Elevator Association. 
Scotts Agricultural Association. 
Williamston Farmers’ Elevator Co. 
Detroit Market Gardners’ Association. 
Belleville Agricultural Association. 


REPORT OF EXTENSION WORK IN POULTRY 
HUSBANDRY. 


BY E. C. FOREMAN. 


The state wide enthusiasm and interest manifested in poultry production 
by farmer and breeder, has developed largely as a result of the poultry 
culling campaign introduced by the present éxtension specialist, ably as- 
sisted by the county agricultural agents of the State, whose keen approval 
and endorsement has greatly augmented the spreading of the gospel of 
economic production by disposing of all unprofitable hens. 

A conservative estimate of the number of hens culled, during the fiscal 
year closing June 30, 1919, as a result of this branch of extension work, 
can be safely placed at the million mark. In adopting a new method of 
culling or in remodeling old ones, the acid test must be applied in order 
to demonstrate conclusively the certainty of the work and its practical 
application. By means of demonstration farms, egg laying contests, and 
retention of all hens pronounced unprofitable, the true value of this: work 
has been established and the accuracy of this system of culling’ has been 
verified. 


POULTRY CULLING DEMONSTRATIONS. 


This work was conducted almost entirely in cooperation with the 
county agricultural agents, who arranged the meetings and made it pos- 
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sible to cover so much territory and get in touch with so many people. At 
each demonstration point the flock would be culled into two or three 
grades according to the available buildings and equipment. 
A grade—Winter layers, highest yearly record. 
B grade—Spring and summer layers. 
C grade—Constitutionally poor layers. 
Example—one of 480 


J. A. Anderson, Cassopolis, Michigan. 


Daily Production, 
After Culling. 


A140 hens. ities eee ae ae aoe 90 eggs 
B25 MENS eet s Sects. © bchstens Me 30 eggs 
C= So hensa(culls) \7 eee eee eee 0 eggs 


Outstanding individuals are banded so that breeding for increased pro- 
duction can be followed at home, rather than purchasing questionable 
birds at fancy prices from breeders with “paper poultry farms’’. 


DEMONSTRATION FARMS. 


There are thirty-two poultry demonstration farms located throughout 
the State operated under the supervision of the present extension specialist. 
The results of the work of these various farms have solved many much- 
disputed questions. 


(1) That there is no one best breed of poultry for the State. High 

and low producers exist in all breeds, there being as great variation 
_ within the breed as there is between breeds. 

(2) That systematic and intelligent culling is profitable. 

(3) That environment is as great a factor as breeding—“We must 
breed the eggs into the hen and feed them out”’. 

(4) That poultry are profitable when fed high priced grains. 

(5) That properly cared for hens will respond to care more quickly 
and yield a greater profit than any other equal investment on the 
farm. 


EGG LAYING CONTEST. 


A pen of Barred Rock pullets were selected by the same system, now 
being advocated in the State and entered in the Missouri National Egg 
Laying Contest. As further proof of the reliability of this original system 
of selection, one pullet laid 105 eggs in 117 days during the winter months; 
another laid 268 eggs*in 1014 months leading”all hens in competition in 
the contest. The pen led the Barred Rock division in the contest. 


LITERATURE. 


Poultry articles have been supplied frequently for publication in the 
various farm bureau papers. An Extension Poultry Bulletin is almost com- 
pleted. Mimeograph copies of feeding rations have been furnished all 
agricultural agents in the State for distribution. 
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LECTURE MEETINGS AND EXTENSION SCHOOLS. 


Provided an opportunity for follow up work in various communities 
where culling demonstrations were held. These afforded an opportunity 
to discuss local problems and enter into the various phases of poultry 
culture. 


SUMMARY OF WORK PERFORMED DURING THE PAST FISCAL YEAR. 


Average 
No. Attendance. Attendance 

HPT VSI US f205 6 co ecten see dite ced one ane 3 583 

Poultry culling demonstrations....... 480 9,963 21 
Lecture meetings and extension schools 118 5,883 49 3 
Hairs ceoultry Judeime) 2.2: 222% 10 

Demonstration, Farms... 2.5. . 2. = 32 

PP OMUIOR VASILE A". cise c0e.s a votes oes 36 —— 
REO PIE SELVEUs ae cies an a.doo se <cokkee ts 15 ,846 


The poultry work for women was carried on during the year by Miss 
Annabel Campbell. The method of work was largely through poultry 
clubs, nineteen of which were organized with a membership of 250. These 
clubs meet six times during the year. At these meetings the following 
topics are studied in season: 


1. Incubation and Brooding. 

Care of Flock. 

Sanitation and Treatment of Diseases. 
Culling Demonstrations. 

Poultry House Construction. 

Poultry Canning Demonstrations. 


Son O9 BO 


During the year 53 lectures were given and 82 demonstrations were held 
with a total attendance of 1,642. 


WAR RECORDS OF EXTENSION WORKERS. 


Edward Glen Amos, County Agent: Second Lieutenant, Regiment 62 
Field Artillery, Ist Battalion, Battery C. Period of service, one year. 

William A. Anderson, County Club Leader: Private, Regiment 128, Bat- 
talion Ist, Company C. Period of service, twenty-one months. 

Earl N. Bangs, Assistant County Agent: Private, Company C,8. A. T. C., 
Michigan Agricultural College. Period of service, three months. 

Frank C. Brown, County Club Leader: Private, Sector 16th, Battery 
_ 63, Anti-Aircraft Division. Period of service, three months. 

John H. Carmody, Extension Horticulturist: Qualified for Second Lieu- 
tenant, Q. M. Corps, Battalion 310 San. Train, 340 Amb. Company. 
Period of service, twenty months. 

Clarence D. Cook, Assistant Specialist in Live Stock: Sergeant, 310 Supply 
Train, Company D (Motor Truck). Period of service, nineteen months. 

Frank A. Davis, County Club Leader: Private Regiment 15, Battalion V, 
Company 184. Period of service, eight months. 
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George D. Gilbert, County Club Leader: Private, Central Officers’ Train- 
ing Camp, Battalion 5, Company 25. Period of service, ten months. 

Louis H. Gretton, Specialist in Farm Crops: Chief Gunner’s Mate, U.S. 
Naval Proving Ground. Period of service, seven months. 

Wm. H. Kennedy, County Agent: Private, A. & M. Training Detach- 
ment, Co. B, College Station, Texas. Period of service, six months. 

Carl Knopf, County Agent: Ist Lieut., F. A., R. C., 42nd Class, School 
of Fire, Fort Sill. Period of service, one year. 

Edmund C. Mandenburg, Extension Specialist in Forestry: Duty Ser- 
geant, 330th Field Artillery, First Battalion, Battery A. Period of 
service, six months. 

Don A. Meeker, County Agent: Private, Battalion 4th, C. M.G. O. T.5., 
Company 15. Period of service, two months. 

Lawrence W. Miller, County Club Leader: Officer Candidate Private, 
- Company 4th Co.‘C. A. C., Ft. Howard, Md. Period of service, four 
months. 

Ellsworth B. More, County Agent: Seaman, 2nd Class, Regiment 22nd, 
Battalion 1st, Company C. Period of service, five months. 

Henry C. Moore, Specialist in Potatoes and Vegetables: 2nd Lieut., U.S, 
F. A., 82nd A. C. Artillery, Battalion 2nd. Hoge of service, seventeen 

months. 

Leonard G. Morse, County Club Leader: Corporal, Company B, 8. A. T. C. 
Period of service, six months. 

William Murphy, Extension Specialist in Farm Crops: Private, Regiment 
11th, U.S. M. C., Second Battalion, Co. H. Began. service, July 7, ’18. 
Still in service, June 30, 719. 

F. F. Musselman, County Club Leader: Private 158 Depot Brigade, 4th 
Training Battalion, Company 16. Period of service, five months. 

Cecil P. Pressley, County Club Leader: Sergeant, Regiment 47, Battalion 
2nd, Company G. Began service, April 29, 1918. Still in service, June 
30, 719. 

C. J. Seidel, Assistant County Agent:2nd Lieut. C. A. O. R. C. Period of 
service, five months. 

Russell S. Simmons, County Club Leader: Sergeant Major, Coast Artillery 
Period of service, ten months. 

Chester A. Spaulding, Assistant Leader Boys’ and Girls’ Clubs: Chief 
Quartermaster (Aviation) U.S. NE RUP:C. > Period of sservace,* four 
months. 

Glenn O. Stewart, County Club Leader: Officers’ Training School, Ft. Mon- 
roe, Va. Period of service, four months. 

Russell V. Tanner, County Agent: Captain Inf., Regiment 84th Div.— 
Att. 334-Purdue Univ. Tr. Det., Pratt Inst. 8. A. T. C Period of service 
sixteen months. 

Ralph W. Tenny, County Club Leader: Corporal, 214th Field Sig. Bat- 
talion, Company A. Period of service, seven months. 

Reuben Edwin Trippensee, County Club Leader: Private, Signal Corps, 
Buzzer School, Company 4th. Period of service, three months. 

Frank L. True, County Agent: Sergeant, Regiment, Motor Transport 
Corps. Period of service, nine months. 

John Krammin, County Club Leader. 
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R. EK. Cheney, County Club Leader. 

John M. Kuder, County Club Leader. 

Floyd Smith, County Club Leader. 

Margaret Justin, Asst. Leader of Home Demonstration Agents: Red 
Cross. 

E. C, Lindeman, State Leader, Boys’ and Girls’ Clubs: War Camp Com- 
munity Service. 


REPORT OF FARM BUREAU AND COUNTY AGRICULTURAL 
AGENT WORK IN MICHIGAN FOR THE YEAR ENDING 
JUNE: 30;-7 19: 


BY EBEN MUMFORD, STATE LEADER. 


The Farm Bureau movement, like the work of many other organizations, 
was greatly accelerated by the war. The interest of the people in larger 
and more economical production, in more efficient distribution and in 
greater conservation of food products, was much intensified. The move- 
ment toward organized efforts for the solution of agricultural problems 
was also greatly stimulated. Within about one year after the United 
States entered the war, forty-four counties organized farm bureaus and 
forty-one agents and seven assistants were employed as leaders of the 
work, making a total of sixty-eight counties having farm bureaus and em- 
ploying agricultural agents. 

The program of work of the farm bureau during the war was based 
primarily upon food needs and the time of the county agricultural agents, 
as the representatives of the nation, the state, the county and the various 
communities was largely devoted to assisting in carrying out this program. 

In addition to war work done as agents of farm bureaus, the county 
agent was also recognized by the other war agencies as one of the county 
leaders in collecting and disseminating information in regard to war 
activities and in planning and executing plans relative to the war pro- 
grams. The county agent cooperated in making food and labor surveys 
and carrying out the plans of the Food Qdministration, the Federal Labor 
Bureau the Local and District Draft Boards and the Boys’ Working Re- 
serve. They assisted the Department of Agriculture in the distribution 
of nitrates, the Food Administration in the inspection of threshing ma- 
chines and the State War Board in the distribution of tractors; they also 
helped in Liberty Loan, Red Cross and War Savings Stamp Campaigns. 

As the work of the county agents centered around war activities during 
the period of the war, so with the close of the war their time and attention 
is being taken to a large degree by reconstruction activities as related to 
agriculture. The agricultural needs and opportunities following the war 
are many, and are potent forces in shaping the policies and programs of 
the farm bureaus. Habits of team work started by the demands of the 
war are continuing in the reconstruction period and the spirit of coopera- 
tion intensified by the war is being carried into the efforts to solve the 
problems that now have to be met. : 

In the chronological statement of the development of the farm bureau 
work as given below, the rapid growth after the United States entered 
the war is apparent; this statement of the development of the work also 
giveskthe counties having farm bureaus and the list of agents who have 
been, or are now employed in the different counties, 
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CHRONOLOGICAL STATEMENT OF THE DEVELOPMENT OF COUNTY AGRICULTURAL AGENT WORK. 


4 Date of 
County Agricultural Agent. Beginning. 
He Gesmithern cence eee Sale aictes soo er eee aie July 1, 1912 
Alpena ya scsisle ives er iestasto David! Woodman'..onsas502 sees eee Mar. 20, 1916 
rank Ee Drie. so tcntormee teen abn eee Eee Jan. 1, 1918 
CrOoE: Scheetzs 325. .oc5crecn or earners Mar. 1, 1919 
I IR; Gaboopingarmensniceeie seteee te nee Sept. 1, 1912 
UNE OCOTIOD SOC UDR OOH ARTE Dwight Oiionp ence eee eee ..| April, 16, 1918 
J. H. Skinner Sept. 16, 1912 
Kientis i a.s/s te e.a'sincleseidasiorsie ciate HGsSmitheen re sateriocee wankers Jan. 1, 1916 
RAGS Carr see. aertteincnn sen Coan aceosenee Jan. 16, 1919. 
WKalamazo\srrcieieveclersistere eres ote DU ASONAW, OOGMA Mabe crasevety astelereis yatern loiter acters Nov. 1, 1912 
Allegan CSBiGooksan.cevsonswiono jeckasce akc Wein ae March 1, 1913 
SA ame ens anes enine? ts AlfrediBentallisen a auaen steve secant cee genes April 20, 1916 
St. Clai be VCrandall = 5.1. 3a dracon os esos aca March 1, 1913 
ot DO Oe BOG IT COS Se GlarkibsBrodys. scr Shssenten aaccn nance April 1, 1915 
Js We Chapin stactaciecrewrsteite Caisieiecet astro cree April 1,1913 
Branch.....+--+++s2e0eseeeee: | CU Nash jose seseecceveeeeeeee reesei uly 1, 1916 
: ar DINGO.) el aneaes sowicc ee Osean pri , 1913 
SAgiNAW. 0... 2.202 ceeerer ences JEsSO SEULSINAN Sis aretcceis sreiewsse ass clasareis sige slesereleres Sept. 20, 1917 
Houphton:..secse- catiete seers LESMaGeismar. tan ons cc ntact seca aoe June 1, 1913 
HeBeBlandfordsessscat cae oe oe ecco eee June 10, 1913 
Newaygo...+-+++.sseeeeeerens { SimonBarkemaseenctre con ener renee Oct. 22, 1917 
Gorebicraisctee teste (sie elclotarels lets dohiKadonsky Ss sasrec ccna cee eres July, 1, 1914 
QURS Zimmer. sete een ae ee oe eer Oct. 1, 1914 
Wextordasemcciovias tio eereenn Gabe ipert. at ist tatoos aoe ee ua oboe Jan. 10, 1917 
Clark: D!Masont etsy oe Oe es Jan. 7, 1918 
Studosephmecniscs seas eierioerie tad J. M. Wendt 1914 
Marquettess: meet cic-<iscincicniser L. R. Walker 1915 
Dr ckansorisecetcteisreisteke sl lohersveistersss C. V. Ballard 1915 
Menawee) erie neniaerinaicer cscs C.L. Coffeen... 1915 
Ontonagonerenysticiseticisre ree lelotste RAGS Carraceace 1915 
LO} & BICC (10) 0) Seen OaOe ASBAD OO GSCO NaOOOE TEE 1915 
Cheboy anlyeiteecte:coie see clic: { TAB MeN arty 1918 
Ottawacccne Somes cole netreterared: DD Hagernian 1916 
. V. Tanner 1916 
Magon......-.++.-- S820 { Wile Cane ea eee yet eee 1917 
Muskeévoniatasciscine tise etacieteianel- ee Olds Bae eerie ear “ee sa 1018 
‘arran ; 9 
WaniBurenec. sasciceicenecctia { W.G. Eckard 1918 
Berrien’: ac ccisciss ciel cisioisieleloistorciet= H.J. Lurkins 1916 
q Frank Sandhammer 1916 
Manistee.......-..-- ODER ROBES { GSGK np sate cose 72 beta sss ola are EEE 1916 
: JOB shal ot) eee a annette acco pas Sac on daaeee July 1, 1916 
Menominee....<-..-+---+++4-. { EGeAMOB. 6c se siesta) Feb. 16, 1919 
é th SREB ERD donaaebnasoaieden uly 1, 
chooleraft..........-+++-.++- { Geo. By Kinsting sce. cetosenee eee ee eer April 1, 1918 
Missanikeetrmcecit cite o.s nice cates HoT: Barnum* soso eee eee March 6, 1917 
Presquelslessacsuctscssomns. ere COME Radman ess cciaxs cst catenin a ere Reso April 20, 1917 
Deltatemen von naneancceciets oo kes BePSPattison-creucseenc see eeore ee eee May 15, 1917 
Wayners eceer en eehnte es ODT Gregg Sacco Ree eee cee June 1, 1917 
IPDOWA eee titec cee 1D bal Qi aoe Ser aan Opa dtaooseodeator 11, 1917 
SS Sars rie reo a i See ef iy oso s ADO CINE otece ‘sie iSic Syereyeperaicuss Mehler steaateteaereteerteishe 15, 1917 
LL OLy, 
1, 1917 
1, 1917 
11, 1919 
LOL, 
WaHaKenned ys \os. scvcnse oeictelsteremeecractnen ae Nov. 1,1917 
Clare. 2... .e eee esse esos M.ALCObD:. cost ccscieseeeeieeteeetens Aug. 15, 1918 
ADUCKLESS:. js d.wies nots serocsenioe eee Ovens 
Grand Traverse.............-- Robert A. Wiley....00.0.002eccssceeesescics Feb. 15, 1919 
OWE Sek owis cs aes sees mee ee Oveneel, 
Jackson... .-.-.-..0eeee eee JeVernon' SHEAD wiciasicuse coals decom ee ee Jan. 15, 1918 
L { IMMAtMenthibnce sey scaitosccue he aerate Nov. 1, 1917 
UNkbos zones pespsddaoassaccs: RaHe meron Nora sin cio aie ait eee ad clo ee RT ee July, 1, 1918 
Osceolats viv cucec. hoe kwie teas ees COTTSROBC eyo ataiaie oasis cintate visi e siclonioeieeee nee Nov. 1, 1917 
SMAWAEHEE Ica: cote ole eisleete { DWAR Meeker Sach onic swen oss sumestacnecceonee Dec. 10, 1917 
ESE DENNISON sss cle-sis;s.cisisictelaisterscieieinte April 16, 1919 


Address. 


Alpena. 


\Grystal Falls. 


Grand Rapids. 


Kalamazoo. 
Allegan. 


Port Huron 


Coldwater. 


Saginaw. 
Houghton. 


}remont A 
Tronwood. 


feat 


Centreville. 
Marquette. | 
Tron Mountain. 
Adrian. 
Ontonagon. 


Cheboygan. 
Grand Haven. 
Scottsville. 


Benton Harbor. 


\Paw ee 
ee 
jManistique. 
Lake City. 
Onaway. 
Escanaba. 
Dearborn. 


Sault Ste. Marie. 
Hart. 


Caro. 

Munising. 
Hastings. 
Bay City. 


Clare. 


Traverse City. 


Jackson. 


\n ewberry. 


Evart. 
Corunna. 


Owosso. 
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CHRONOLOGICAL STATEMENT—Continued. 


; Date of 
County. Agricultural Agent. Beginning. Address, 
IMT pH AG tao OR Se Bee eee WaG-Cribbste2s task. coco rc Jan. 1, 1918 | Bellaire. 
E. B. More ja cadunobapurbaonouuerdsuoscseCnE Jan. 1;°1918 
Gabhounsso-h tcc sias coe cack HG SClothicres ees et ee aco Nov. 1, 1918 | }Marshall. 
ESB FIM Ores tytn aaa ee eee meee nee March 16 1919 
\\ (Paul Ci Jamiesonsetees eee een nase ac eaes April 16, 1919 
Casa Foes hens s seen armas aeaost David Woodman’, ).cii950..0% decjeaciestoedee ee eee Jan. 1, 1918 | Cassopolis. 
mime tsitacec iw: dees Sones. cere Keats K. Vining Bae te Micmac ate rae aa os Jan. 1, 1918 Petoskey. 
Genesee tat- Santi eet ee ieeen NIGH ZS ulti, dans goentbencar aaaddEecgeser Jan. 1, 1918 Flint. 
alkaska hese teen hemor ee Sh wing ree nie so ute eee, see ee Jan. 1, 1918 Kalkaska. 
Roscommon & Crawford......... Wins. Jonnstontem tee eee oe ee eee Jan. 1, 1918 Roscommon. 
ieee ipAllensBeschlichtersasanss nasser cee Feb. 1, 1918 Es 
Gladwin..........-..-...+-5-. \ SOUR Awa teers aca Atk rea ae Oe April 22, 1918 \Gladwin, 
Inghameccmccts cee oot cate hi oscn ; ee SSB SOC Tob SOT OCR ana rere: Feb. 1, 1918 Mason. 
= le epPMEDUGEY Says escre Mroiehe  oisvcistereyecorerevotel creleveraie cietere' Feb. 15, 1918 . 
Charlevoix..............+.+4+: NIR@SWAWittet beet ncanl | Aiea i April 16, 1919 }Boyne City. 
Washtenaw: . .2 scsne iitenenrees IEE Sa Osler retires sisiaitcicterajs cerss asin aor era Feb. 18, 1918 } Ann Arbor, 
IBSPA ae ractotireleis slova: oe sniortereiaiare’ Irving Kirshmantva.cs sco cceieicrericn s sliomneele rar March 1, 1918 } L’Anse. 
MbVINEStON. ss0.cas\eice cerns, sissies Hredi SS Dunks cen nacesnooricn eiecsmnee March 1, 1918 | Howell. 
Oakland’ cccass acca tee CHBA COOKS Srnec ee nen ee March 1, 1918 | Pontiac. 
Midlandiristc.ctaccecmosct 2-1 Wels: Banden’. f ernie sb eee Marchl11, 1918 | Midland. 
Tapeenyyns. adaseccuee oe cicaet weer EUEBishop ees et tes ree eee Marchl6, 1918 | Lapeer 
Monroe 25 jachacecicc Giese ances Ralpht Carn’ ser Acessiyei- e-toc cielsrseese ert March16, 1918 | Monroe. 
IMecdata cin ts. cecietsre scien oe PanltHs Smithers ee nh cinecs cuincee one April 1, 1918 | Big Rapids. 
Otsego and Montmorency....... haurence RaQuealia. cncen tion ose e een April 1, 1918 | Gaylord. 
ALON an eee cisizwerwlone eBepAl MP Arran, serene cickioe oats women noe es he April 9, 1918 | Charlotte. 
MORSCOP MeO seine ei cine cae oes CAP AMilhameetsycnerauie deiciert RSet ak ceeeis tats April 9, 1918 | Tawas City. 
IMontcalmts. acc.) a seeios eines GiffordiPatchsJrinse sees acs cece eee ee April 16, 1918 | Greenville. 
Tsabellateconqecmnasce secant HS DS Corbuse ects cos tne atest ee April 19, 1918 | Mount Pleasant. 
Clintoneerasercenincetc sean PEP SRODG a dee aitetetoioeldanieeereten och re April 20, 1918 | St. Johns. ° 
Leelanau and Benzie............ RobertsAesWaley; rary. srqnecevcnros eee e wets April 22, 1918 | . Empire. 
Macomb ire ctee cancewtlecieicoes H. Vi: Kittle Ye card era BaCeRPers OS lne wal cheldts, oto ahicets June 15, 1918 | Mount Clemens. 
IBENZIC aS oe caicloysiorae\are ai vitices Tei Ji flee-Kraker’.ssise occ Melee cae Jan. 21, 1919 | Beulah. 
MOntMOrenCy’.. 3/s1s,c0erer12 eis eis.0 01-2 HowardtHindes specs ccneccts Seine chine ocr March 1, 1919 | Atlanta. 
OfRezOe eee acc ost eemiane Oe Arthur Co ly tle x cei sleciieetiis ) oeee emacs May 1, 1919 | Gaylord. 
Ogema we seirec ioe csi steiee elas Wa Me Carthy seca cnteas cc cere nem: June 16, 1919 | West Branch. 
ASSISTANT COUNTY AGENTS. 
j WIE Van Buskirk-e cio lero tales siecle sieraie stocks May 1, 1917 
QOGtaWS rose occ e cles sisjeuis 6 S%:s DAPaMcMillant sos ccnscsccccee em creece ane Dec. 18, 1917 | }Grand Haven. 
PBSOsHapermansessaecetse eet eee Jan. 23, 1918 
ALLEGAN a atisersselo cielese's 1a cielcieiers j ee Sore aeeiee os occ eames we eee Nov: re 1917 | Allegan. 
r AC SH CKArG ois cairele aes lewis chile Soe an. , 1918 
Van Buren........+++++++0++. Up arkN; Bangs 755. <t2.<sc ss ccc Gsinncoiniicenerenielstewic June 16, 1918 \Paw Paw. 


COOPERATION OF COUNTIES IN FINANCING FARM BUREAU WORK. 


The financial support given the-farm bureau movement by the Boards 
of Supervisors of the counties is one of the best evidences of the increasing 
interest of the people in the work and of their appreciation of its value. 
Not only were the appropriations increased this year at the October and 
January sessions of the Boards of Supervisors in counties that have had 
the work long enough to realize its value, but also in the war-emergency 
counties where the appropriation of Federal funds have recently been re- 
duced because of the discontinuance of the Food Production Bill, the 
Boards of Supervisors have increased their appropriations to take care of 
the deficit made by the reduction in Federal funds. In addition to the 
funds appropriated by the Supervisors, there has been a considerable 
addition to the county budget by the increase in the farm bureau mem- 
bership. 
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DEVELOPMENT OF THE FARM BUREAU PROGRAM AND ORGANIZATION. 


This year has been particularly fruitful in the advancement made 
in the formation by the farm bureaus of county and community agricul- 
tural policies and programs and an organization for putting these pro- 
grams and policies into effect. In nearly all of the counties there is now 
a well defined program of work formulated by the people. In putting this 
program into effect there are three types of committees selected by the 
people; this form of organization is now in general use and is regarded as 
fundamental to the more highly developed or special types of farm bureau 
organization. These committees are as follows: (a) The County Execu- 
tive Committee or Board of Directors; (b) The Community Committees; 
and (c) The County Project Committees. 

County Executive Committees or County Boards of Directors are now 
found in practically all of the counties having agents, and in most of the 
counties these committees are well organized, each member being selected 
to lead a definite project of the county program. The county program is 
made by the members of the Farm Bureau at the annual meeting or at 
special meetings and committeemen are selected on the basis of their in- 
terest, experience and ability to act as leaders of projects. On this com- 
mittee are usually represented the interests of the men, women, boys and 
girls, thus making it possible to have a unified program and to coordinate 
all activities through the Farm Bureau. 

The community is the fundamental unit of the farm bureau organi- 
zation and program, and special effort is being made to have each com- 
munity adopt a program and select a committee to direct the work of 
the program. Encouraging progress has been made in this type of com- 
munity activity; programs have been formed and committees selected in 
570 communities. This kind of community effort is resulting in greater in- 
terest and in more active participation on the part of the people in farm 
bureau work, and is making possible a much larger degree of service. 

Through this type of organization county project committees are 
automatically created; the leader of a project on the County Executive 
Committee becomes chairman of the county project committee and 
his associates are the community committeemen from the communities 
that have adopted that particular project. In counties where county 
project committees have met, outlined their project and provided methods 
for carrying out the details of the project, good results have been secured. 
Experience has shown that this is a very good method of doing effective 
project work on a county-wide basis and that the work of such a committee 
provides an excellent foundation for a special agricultural association to 
extend the work of the project. The county project committees cooperat- 
ing with the County Executive Committee provide the machinery for 
unifying all the activities of the Farm Bureau and for developing better 
methods of work, based upon the county-wide experience. 

The value of the farm bureau type of organization has been demon- 
trated in many ways this year. It discovers and develops the leadership 
of the people themselves; creates a much greater interest in the work; gives 
a larger degree of service to more people; coordinates and unifies the agri- 
cultural activities of the county and of each community of the county, 
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makes him in reality what the name implies, the agent of the people and 
of their program of work. With this kind of support, the service which 
the agent can render is greater and more satisfactory both to the people 
and to himself. It makes the organization and the activities of the people 
themselves essential factors in the plan and in the advancement of the 
farm bureau. The extent of the organization in the different counties 
and communities so far as it can be stated statistically is indicated by the 
following table: 


_— 


(*) Indicates County Extension Committee organized and projects assigned to each member. 
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FARM BUREAU ORGANIZATION DATA, MAY 1, 1919 


In the development of the farm bureau program and organization, the 
district conferences of farm bureau officers or other representatives, 
and the county agents have been important factors. The following con- 
ferences have been held: 

Marketing: 
a. Kalamazoo, July 23, 1918. 
b. Howell, August 13, 1918. 
c. Saginaw, August 14, 1918. 


Program of Work and Study of Experiment Station Results: 
a. Chatham, August 8, 1918. 


The County Executive Committee, and the Farm Bureau Program 
of Work for 1919: 
a. Cadillac, November 25, 26, 27, 1918. 
b. Jackson, December 16 and 17, 1918. 
State Farm Bureau Organization: 


a. Michigan Agricultural College, February 6 and 7, 1919. 


Methods of carrying out projects for definite results, ara relation of 
Farm Bureau to special agricultural associations: 
Petoskey, March 7, 1919. 
Big Rapids, March 11 and 12, 1919. 
Kalamazoo, March 13, 1919. 
Saginaw, March 18, 1919. 
Michigan Agricultural College, March 20 and 21, 1919. 


The Community Organization and Program; also plans for grass- 
hopper control. (For agents of Upper Peninsula and northern district of 
Lower Peninsula.): 


a. Kalkaska, May 6 and 7, 1919. 


The Community Organization and Program: 
a. Grand Rapids, May 8, 1919. 
b. Flint, May 13, 1919. 


As will be seen from the subjects discussed at the above conferences, 
the time was given largely to questions of the farm bureau program and 
organization. In addition to these questions, the marketing, potato, 
pedigreed seed, farm management, grasshopper, and sheep projects have 
been given special attention. A new feature of these conferences has been 
the attendance of farm bureau officers or other representatives from the 
County Farm Bureau. These representatives have taken an active part 
in the discussion and the conferences have been of much greater value 
because of their participation. 


Hees eh 


SPECIAL AGRICULTURAL ASSOCIATIONS. 


The Farm Bureau is proving to be the central agricultural organi- 
zation of the county through which interest in special agricultural projects 
is discovered or developed. In the beginning this interest may be entirely 
unorganized, but through farm visits by the agent, demonstrations or 
county or community meetings of the people it becomes represented on 
the county program or on community programs by committees; plans for 
the development of the project are then outlined, and with the ‘growth of 
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activities connected with it, a special agricultural association is formed. 
It is in this way that the Farm Bureau has assisted in the formation or 
reorganization of the following special organizations this year: 70 potato; 
38 farm loan; 21 pure seed; 18 threshermen’s; 17 milk producers’; 6 bee- | 
keepers’; 24 livestock shipping; 107 marketing; 12 cow testing and 39 
community breeders’ associations. 

For the greatest degree of success both of the Farm Bureau and of the 
special agricultural associations, it has been found necessary to have the 
work of the Farm Bureau and the special associations closely coordinated, 
and in several of the counties, steps have been taken in this direction. 
Most of the problems of the special associations are fundamentally of an 
educational character and their members are recognizing this and willingly 
becoming members of the Farm Bureau. 


FORMATION OF THE STATE FARM BUREAU. 


Another step in the federation of associated efforts in agricultural] 
development was the formation of the Michigan Farm Bureau in February. 
This organization is composed of counties having Farm Bureaus cooperat- 
ing with the Michigan Agricultural College and the United States Depart- 
ment of Agriculture. It has adopted a State program and has elected 
a head for each department of the program; each department head selects 
two associates and the departmental committee formed in this way outlines 
the departmental project and cooperates with the project committees of 
the County Farm Bureaus in developing such projects as have a territorial 
application larger than the county. State Farm Bureaus have been formed 
in fifteen states and steps have been taken to organize a National Farm Bu- 
reau 1n November. 


THE USE OF DEMONSTRATIONS AS A METHOD OF FARM BUREAU WORK. 


The use of the demonstration on the farmer’s own farm has always 
been a leading method of Farm Bureau work. Experience has proved 
the value of this method, based as it is upon sound pedagogical and 
psychological principles. The principle of learning to do by doing is 
used under conditions which the farmers themselves have to meet and their 
attention and interest is secured not only by listening, but also by see- 
ing and doing. The reports for the last calendar year show that 5,297 
demonstrations were conducted, that there was an attendance of 39,235 
at demonstration meetings and that the profit resulting from the work in 
37 counties, on demonstration units alone, was $355,710 or considerable 
more than the total cost of the work. 


STANDARDIZATION PROJECT, 


Among the outstanding results of the work in Michigan the standardiza- 
tion project and the projects associated with it deserve special mention. 
This applies both to work in relation to crops and live stock. 


A. Crop Standardization: 


The standardization work on crops has been made possible by the 
variety tests based upon the work in plant breeding of the Experiment 
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Station and the cooperation of the Department of Farm Crops. The history 
of this work has been given in previous reports and it is only necessary 
to note here some of the important features of this year’s activity. 

Rye: Rosen Rye easily ranks first in extent of grain standardiza- 
tion. In many counties it has become the principal variety and the 
chief problem now is one of maintaining a larger degree of purity of the 
variety. All of the agents have had success with Rosen Rye demonstra- 
tions and their reports show that an estimated increase of five bushels per 
acre of Rosen over common rye is very conservative. On this basis the in- 
creased yield due to the Rosen rye project in the State this year is more 
than 1,000,000 bushels. 

Wheat: The value of standardization as applied to wheat has also 
been demonstrated largely through the merits of Red Rock. While unfav- 
orable weather conditions seriously injured the crop of 1918, yet in several 
counties this variety proved its superiority and a large acreage was again 
sown. The most important fact in this relation is the increasing interest 
of the farmers in better varieties and in the value of standardization of 
those varieties when once thoroughly tested and found superior. 

Oats: Variety test of oats have been made under the direction of nearly 
all the agents with the result of a growing interest in the pedigreed strains 
that have been developed by the Experiment Station. The demonstrations 
in practically all cases have shown the superiority of the pedigreed varieties 
and the acreage, of these demonstrations, has been greatly increased. 

Corn: The extremely serious seed corn situation of last year resulted 
in a much greater interest on the part of the corn growers in finding 
the variety best adapted to local conditions. The more than 100 cars 
of corn imported into the State for seed did much toward saving the 
situation so far as seed was concerned, but the fact that it failed to ma- 
ture in so many instances, even with a favorable fall, fixed the attention 
of the farmers as nothing else could have done, on the value of variety. 
Accordingly, the variety tests conducted by the agents this year have had 
much attention and the foundation has been laid for excellent work i in corn 

variety standardization based on local needs. 

Potatoes: Among the many valuable phases of the recent organized 
movement of the potato growers, the rapidly growing interest in standard- 
ization of varieties is notable. The experience in marketing cooperatively 
brought to the attention of the growers very forcibly the knowledge 
that reduced prices and other important losses could be directly attributed 
to the fact that 80% of the cars shipped were of mixed varieties. It was 
the learning of these conditions by close touch with the marketing process 
that fixed the attention of nearly all members of the potato marketing 
associations on the Farm Bureau program of standardization, and led to the 
. adoption of the Rural Russet for the Southern Peninsula and the Green 
Mountain for the Northern Peninsula. 

Barley: The seed corn situation of last year also increased the grow- 
ing of barley, and here again was noticeable the large number of requests 
made to the agents to secure pedigreed varieties and the degree of standard- 
ization of this grain is probably second only to that of rye. 

Beans: The growing of beans shows the same increasing interest 
everywhere in securing better varieties, the Early Wonder and the 
Robust being widely used by the agents in varjety test work, 
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B. Live Stock Standardization: 


The program for standardization of breeds of live stock by communities, 
counties or larger districts, is older and better established than that for 
standardization of crops, but live stock standardization is only in its 
infancy. Every agent is working for the elimination of scrub sires and 
the substitution of pedigreed sires and every year several breeders’ as- 
sociations of community or county extent are formed. This year from 
reports available it is shown there were introduced on the suggestion of 
the agents, 197 registered bulls, 318 registered cows, 140 registered rams 
106 registered boars, and that 268 registered sires were transferred from one 
community to another. In addition to the introduction of pure bred sires 
which is usually on the basis of standardization of breeds by communities 
there were formed 39 live stock breeders’ associations whose purpose is 
primarily that of standardization. 


SOILS. 


The soil project in its different aspects has always been a fundamental 
one and the work has been continued as outlined in previous reports. 
It includes the supply of humus; use of marl, lime and fertilizers; drainage; 
land clearing; and work with muck soils. On the suggestion of the agents, 
as shown in reports available, 458 crop rotation systems and 103 drainage 
systems were planned and adopted; 4,763 farmers reinforced manure with 
acid phosphate or ground rock phosphate; 4,682 farmers used chemical fer- 
tilizers totaling 8,757 tons. 183 marl beds were located, and as a result of 
demonstrations, the use of marl and lime has become so general that it 
is practically impossible to give an adequate statistical statement of the 
amount used. Another interesting fact related to soil demonstrations is 
the report of 12,038 acres of clover and other legumes plowed under for 
green manure on suggestion of the agents. In several counties special 
work, based on results of surveys made by the Department of Soils, is 
being done in cooperation with that department. This work promises to 
be of great value to the farmer. 


FARM CROPS. 


Corn: The difficulty of getting good seed corn last year has had a 
a great influence on all phases of the corn project as well as the question 
of standardization discussed under that heading. Seed selection and 
testing have always been important Farm Bureau projects, but the experi- 
ence of last year has tended to make both of these activities much more 
general. In accordance with Farm Bureau corn projects, 13,982 farms 
selected seed, 12,818 tested for germination and 10,297 grew corn for silage. 

Wheat: The treatment of seed wheat for control of smut has been one 
of the most important wheat projects for this year. 201 demonstrations 
are reported. Special effort was made to eliminate causes of damage from 
the treatment such as occurred the previous year. The wheat variety 
project has been referred to under standardization. The fertilizer project 
in relation to wheat has been continued, particularly the demonstrations 
in the use of acid phosphate. 

Oats: The chief oat projects were variety tests referred to under 
standardization, of which 184 are reported, and smut control demonstra- 
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tions of which 173 are reported. The treatment for control of smut has 
now become so general in some counties that it is no longer made a specific 
part of the oat project. 

Potatoes: The potato project with its various phases has become 
one of the standard State projects and one upon which much work has 
been done. 37 counties report a total of 609 potato demonstrations; fol- 
lowing suggestions of the agents, seed potatoes were treated for disease on 
2,304 farms and 57,472 acres were planted with treated seed. Green 
sprouting demonstrations produced good results in practically all in- 
stances. Both hill selection and tuber unit demonstrations were con- 
ducted and the interest in selection of seed has greatly increased. The 
variety test and standardization phases of the project have been referred 
to. 

Alfalfa: Alfalfa has been an important Farm Bureau project from the 
time county agent work was started in Michigan. The alfalfa cam- 
paigns of 1913 conducted under the direction of the agents served to 
attract state-wide attention to the value of this legume although doubtless 
many failures resulted because some of the conditions necessary to suc- 
cess were not carried out. Since the campaigns of 1913 there has been a 
gradual increase in the interest in alfalfa growing, due largely to the 
demonstration work conducted under the supervision of the agents. ' 155 
demonstrations have been reported this year and doubtless this is con- 
siderable below the actual number. It is in this way that information as 
to the successful methods of growing alfalfa has been spread. The acre- 
age has also been increased because of the aid given by the agents in se- 
curing good seed, lime, marl, and inoculation for the farmers. 

Other legumes: The work on red and alsike clover is always an im- 
portant project, the reports showing that it included 16,475 farms, affect- 
ing about 125,319 acres. The soy bean project continues to grow, 201 
demonstrations being reported, including 939 acres. There were also 122 
sweet clover demonstrations, or about 940 acres and 94 winter vetch 
demonstrations including 615 acres. 


FRUITS. 


The various fruit projects have always occupied much of the attention 
of the agents in the fruit sections of the State and again this year have 
had an important place in the Farm Bureau programs of those counties. 
The fact that the fruit growers have had a good State organization for 
many years and local organizations in several counties has made all Farm 
Bureau fruit projects more effective; and through their organizations 
leadership had been developed and the fruit growers have taken a very 
active interest in the Farm Bureau project, which accounts for the large 
amount of Farm Bureau work that has been done in horticulture. The 
work has been continued this year in much the same way as outlined in 
previous reports. 


CONTROL~OF INSECTS AND OF PLANT DISEASES. 


The control of insects and plant diseases is always a major project in 
every Farm Bureau program. ‘The work done in the control of grain 
smuts has been referred to, and every year receives much attention. 
This year all of the agents have assisted in the campaign for the eradica- 
tion of the high Bush Barberry and the purple-leafed Barberry. 
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Another project that deserves special mention is the grasshopper con- 
trol work. Asa result of the very successful control work done in Kalkaska 
county last year, the visits of farmers in nearby counties to see these’ 
demonstrations, and the explanation by the County Agent and the De- 
partment of Entomology of the methods used, twelve counties in that 
section of the State made appropriations this year for the purchase of 
poison to control grasshoppers. Methods of Farm Bureau organization 
for use of the poison and making the control work thorough, were dis- 
cussed at two of the district conferences. These plans were put into 
effect and the savings to the farmers of that section of their State have 
reached several hundred thousand dollars. 


LIVE STOCK. 


There are several important live stock projects that form a part of 
almost every Farm Bureau program; among these are the effort to elimin- 
ate scrub sires and substitute the best pedigreed ones that can be ob- 
tained; the organization of cow-testing, live stock shipping, sheep and 
wool growing, and breeders’ associations; the more economical purchase 
and use of feeds; the control of disease and the improvement of marketing 
conditions and of credit facilities for the purchase of better live stock. 

In addition to the work referred to under the live stock standardization 
project, nine cow-testing associations were formed and 2,506 cows tested 
through such organizations; also 1,454 were tested by the agents or at 
their suggestion, and as a result of the testing work there were reported 298 
cows as discarded. Balanced rations were figured for 503 farmers and 
adopted by them; 637 animals were tested for tuberculosis by the agents 
or on their suggestion and 25 treated for blackleg; 214 hogs were vaccinated 
by the agents and 9,333 by veterinarians or farmers on the suggestion of 
the agents or as a result of the cooperation of farm bureau members in 
carrying out this project. 249 silos were secured and assistance given 
in planning barns and other farm buildings. 


POULTRY. 


A large amount of work has been done on the poultry project in coopera” 
tion with the Poultry Department. More than 200 culling demonstrations 
were reported for 1918. They have been the means of eliminating a large 
number of unprofitable hens and of greatly increasing the interest in 
better poultry. The other poultry projects have been continued as out- 
lined in last year’s report. 


FARM MECHANICS. 


Several tractor demonstrations have been conducted under the auspices 
of the Farm Bureau; these have been conducted on an educational basis 
and the large attendance even in a very busy season is evidence of the 
value the farmers attach to such demonstrations and of their interest in 
knowing more about the merits of this new source of power. In cooperation 
with the Department of Farm Mechanics, assistance was given in the in- 
stallation of 133 water supply and sewage disposal systems. The rapidly 
growing use of machinery on farms and in farm homes tends to increase 
the amount of work on projects in Farm Mechanics. The assistance given 
in planning buildings and other farm structures continues as outlined in 
previous reports. 
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FARM LABOR. 


Several of the counties report greater difficulties in securing farm 
labor than ever before. The number of applications made by farmers 
for laborers for the calendar year 1918 was 5,197 and the number located 
through the Farm Bureaus was 3,476. The number of men applying for 
work was 2,921; women 255. In several instances the agents also acted as 
county directors of the Boys’ Working Reserve and the reports show that 
the work of the boys, many of whom were placed on farms, was satisfac- 
tory. The labor survey has been used rather extensively as a guide to the 
labor needs of the farmers of the counties. The farm labor project is 
highly valued by the farmers and the methods of handling it will doubtless 
be developed and made more efficient. 


FARM MANAGEMENT. 


The farm management project is a part of nearly every farm bureau 
program and should occupy a prominent place in such programs as it 
tends to give a balanced relationship to the enterprises of a farm and 
concentrates attention upon the farm as a unified business. The increasing 
interest in the cost of production studies is shown in the number of farmers 
using farm account books, the reports showing that 11,804 books were 
placed; 322 farm management demonstrations are also reported. 


MARKETING. 


As stated in the section on Farm Bureau Program and Organization 
the making of a program by the people of the county and of each com- 
munity is a fundamental part of the farm bureau plan. In the making 
of this program by the farmers, almost invariably the first project 
mentioned is the need for better methods of marketing. The interest 
in finding successful methods of collective buying of farm supplies and 
of collective selling of farm products is very strong and in practically 
every farm bureau program this project occupies a leading place and is 
receiving much of the attention of the farm bureau members, committee- 
men and county agents. In the commercial potato districts, the mar- 
keting project this year was a major one for all the Farm Bureaus and the 
agents. They have cooperated with the Field Agent in Marketing and 
with the officers of the Michigan Potato Growers’ Exchange in the forma- 
tion of 70 local associations. The experience of these organizations in 
selling potatoes has led to a much greater interest in all of the other 
phases of the Farm Bureau potato project. The growers are realizing 
as never before, the need of standardization of varieties, of selection and 
treatment of seed, of inspection for control of disease and elimination of 
foreign varieties and of all of the other factors in the potato project that 
lead to successful and economical production and marketing. 

Just as the participation in the marketing of potatoes has led to greater 
interest in every other step in a successful potato business, so has the 
organized participation in the marketing of other products led to a realiza- 
tion that success in selling depends upon several factors. In other words, 
the farm bureau program is bringing about a realization of the fact that 
growing the product and marketing it are not two separate processes, but 
that they are but two phases of one process and that the greatest success 
of either calls for close inter-dependence of both. : 
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Some of the other farm products or farm supplies for which the farm 
bureaus and agents have assisted in forming cooperative buying and selling 
associations are live stock, grain, feed, fruit, tile, wool, cabbage, swine, 
and farm machinery. 


BOYS’ AND GIRLS’ CLUBS. 


As noted in last year’s report an effort is being made to build a unified 
agricultural program in each county through the farm bureau and to 
coordinate the projects of the boys and girls with those of the adults. This 
is making a much stronger program and a better organization. Most 
of the agents devote considerable time to Club Work and when there is 
no Country Club Leader, they assume the responsibility for the develop- 
ment of this work. This year, they assisted in the formation of 782 
clubs with a membership of 11,484; they also aided in carrying on the 
different club projects. 

The work of the women is also being made an organic part of the farm 
bureau program and organization. The county agents have recognized 
the value of the home demonstration work and have assisted in organizing 
it and developing the various projects connected with it. Experience in 
building the Farm Bureau all points in the one direction of the need 
of constructing a program where the projects of the men and the women 
are unified and re-enforce one another. Cooperation is needed in carrying 
on these two phases of farm bureau work if the largest degree of success 
is to be attained. 


EXHIBITS AND FAIRS. 


The exhibit is regarded as an essential part of a complete program of 
farm bureau work and this project has been carried on much the same as 
outlined in previous reports, but with a growing interest and participation 
in it by the people themselves. 


WINTER MEETINGS. 


Changes growing out of farm bureau experience are being made in 
the character of the winter meetings. The organization and work of 
the farm bureau committees are the chief factors in bringing about these 
changes. The winter meeting is becoming the means for considering 
the data collected from the various Farm Bureau projects as a basis for 
the work of the coming season. The various committees that have been 
conducting demonstrations or doing other work on specific projects during 
the year become the nucleus of a new kind of winter meeting—a meeting 
of men or women well informed on the special projects to which they have 
given much attention and, therefore, a meeting eager for a discussion of 
the more special problems and difficulties connected with their project 
and not to discuss the more elementary or general phases of it. It isa 
meeting primarily for planning another year’s work in the light of the ex- 
perience of the past; a meeting not for entertainment, but for working out 
better methods for more highly specialized and efficient activity in carrying 
on a particular farm enterprise, or the farm as a business unit, or some form 
of cooperative activity. Such a meeting calls for a specialist and at such 
a meeting the specialist finds one of his best opportunities to render 
service. 
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WAR EMERGENCY WORK. 


As stated earlier in this report the character of the farm bureau work 
undertaken during the past year was very largely influenced by the needs 
arising from war time conditions. <A few of the results reported indicate 
the scope of the work accomplished upon recommendation by the agents, 
or through their efforts. 


No. of farmers assisted in securing or locating seed............ 28 , 360 
No. of bushels of seed secured or located for farmers.......... 153,235 
No. of additional acres seeded as result of special production 
CCEWITING OST 0 pedi Meta aI ete pn ERM eee ee a art cern 173 ,587 
Estimated total production on additional acres in bushels... . . 2-,006 , 294 
No. of bushels of seed corn saved for 1919 planting........... 169 ,454 
No. of persons assisted with home garden work. .............. 7,853 
iINozoL applucationsfor farm. laborsy. 2% =. 2. 5 es 24 el So ho: 5SLOF 
PNouomMpersolis applying for work 7c). 2 ee. ae eet ed ss ee te 3; 176 
Nezommen and boys placed on farms: 3.5% 05-2925 4 a ee se 3,476 
No. of farmers assisted in securing fertilizer................. 652 
MOM STOL TEL UMLZEL SCCULCO: crea uss ero cas Sinan ea eee, ew 19 ,3882 
Novo sheep placed One armis.s5 neces ins. Coes? eg Ae eer nee 2,454 
Increased number of live stock on farms: 
AO tt Gl ete: ern Ne ns aca et toate s EE cat LM, ite IRE, CARES es 2,220 
LOG Seis taia san 4% Rate PivaNOe, Sota ah Le ey eee Scie Seinen G Coe era rea 4,241 
REED ene ras ee ee ee ap ee ee idea es No Ree esha ene 6,925 
|B Oy TIT iy GO ae i ie meh mela tel ce py) at ST er BY ORE Doo ye ee 6,198 
Increase of acreage of farm crops due to use of tractor......... 127110 


RELATION OF FARM BUREAU WORK TO OTHER PHASES OF THE EXTENSION 
SYSTEM. 


A main source of strength of the farm bureau is the recognition that. 
a well balanced agricultural program should take into consideration 
the community, county, state, national and international phases of our 
agricultural problems and that the machinery for carrying out this pro- 
gram should be such as can use the united thought and effort of represen- 
tatives of all these phases of the agricultural situation. The cooperating 
parties in farm bureau work in the county, the Agricultural College and 
the United States Department of Agriculture, so the farm bureau represent- 
ing these three factors is in a position to use the concerted efforts of these 
parties in the building and execution of a program. The county agent 
is the representative of these parties and being permanently located in the 
county becomes a specialist on its needs and its resources for meeting 
those needs. To supplement his efforts there are the specialists of the 
Agricultural College and the United States Department of Agriculture 
and the Committeemen and other leaders and workers of the farm bureau. 
The development of the county leadership and organization has been 
described and it is gratifying to note the gradual development there has 
beenin the service rendered by the specialists of the other cooperating 
parties, the Agricultural College and the United States Department of 
Agriculture. The following table gives the number of specialists that have 
visited each county this year. The total number is 1,647, whereas last 
year it was 1,332 and the previous year 716. The results of farm bureau 
work given in this report have been brought about by the cooperation 
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and it is a pleasure to express here our appreciation of the assistance 
that has been given by the various departments of the College and their 
Extension Specialists as well as of the assistance given by other State 
Departments and by the representatives of the United States. Depart- 
ment of Agriculture. The following table gives the statistical statement 
of the visits of specialists to the different counties. 


Months No. of Months No. of 
County. reported. visits. County. reported. visits. 
6 9 21 
11 43 3 
6 9 8 23 
5 12 8 24 
4 10 3 5 
8 27 9 23 
8 22 8 19 
8 7 20 
11 77 5 10 
10 30 6 9 
10 41 5 13 
11 38 3 5 
4 8 6 10 
10 20 7 12 
5 7 8 20 
8 27 1 1 
5 8 8 21 
6 10 8 19 
5 7 9 36 
10 39 if 15 
5 14 7 8 
8 21: WiOttawacé scence weaclaeaacisece ult 10 29 
5 Dil CORSELO Ns ars satetare cece obras eee sles 4 6 
Gogebicvecmescco nsec hee eae 2 3 | Presque Isle 6 14 
8 14 | Roscommon 2 3 
3 Saginawisseeaceeene 11 50 
7 SOF EStiClairwss tesa eee 10 30 
TOSCO coco saidoeeiae asco out cls 5 6 | St. Joseph 10 27 
MFO eS camice eer ee enc ace noice 4 SO leschoolerattan..ccessseccs Stare steistoee 5 a 
Taabellass seas ce aac oclosi eee cies alee 6 20 EBhinwasnee ssc Prac= -acwioncuentea nine 6 19 
JACKRONES Onecare ee cote animaialee 11 Gon ehuscolaic ccseca tos ccecenacne cee 8 20 
IAMAZOO® shes sisi set aocweee 11 Ciba) NESS eee ee ie en en ee 11 29 
Kalknaka’ ssag roccr cme na sane menene 5 Oy >Waslitenawrectisccimccc cc ac shcte cictee 10 37 
Kent seca osiinonecth cninorteicciones 11 L504 Waynes seca. ttesahesuclsicieemleslerses 11 156 
jWiexfOrd*).:3acce often eccne acetone 11 38 
Total number, Of vaisita%srasrerejeicte lst ste||'<retste aisicis o al] a7 ¥/nsoicloyeretel tbe arcioiatnsle tio horete ere oie reaic oie cians ict nrerell eicieitisreisieee 1,647 


FIELD WORK OF ASSISTANT STATE LEADERS AND STATE LEADER. 


The field work of the Assistant State Leaders and of the State Leader 
has followed the outline as given in the reports of the two preceding years. 
Mr. Earl P. Robinson resigned January 1, 1919 to become State Leader in 
New Hampshire. Mr. Frank Sandhammer, Agricultural Agent in Manis- 
tee County was appointed Assistant State Leader, January 1, 1919. 

Mr. J. W. Weston Assistant State Leader for the Upper Peninsula, 
made 118 visits to counties having agents. He helped to conduct 51 
meetings with a total attendance of 4,531. 

Mr. Earl P. Robinson made 52 visits to counties having agents and 9 
visits to counties without agents. In this work he addressed 39 meetings 
with a total attendance of 1,045. 

Mr. H. B. Blandford made 146 visits to counties having agents and 2 to 
counties without agents. He helped to conduct 24 meetings with a total 
attendance of 1,746. 

Mr. Frank Sandhammer made 66 visits to counties having agents. In 
doing this work he addressed 82 meetings with a total attendance of 3,096. 
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In field work the State Leader has made 122 visits to counties having 
agents and 3 visits to counties without agents. In this work he has ad- 
dressed 126 meetings with a total attendance of 15,434. 


STATISTICAL SUMMARY OF OFFICE AND FIELD WORK. 


In concluding this report we give a statistical summary of some of the 
important phases of the office and field work of the county agricultural 
agents. 
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STATISTICAL SUMMARY—OFFICE. 
From July 1, 1918 to June 1,1919. 


ol : . . nee = 
2 $ $ BS g 3s 3 
g a & & = =i = a 
; 2 ° . 2 a= 38 e 3 
County. 2 A g s a ‘Se Bg £ = 
~ na na Q 7) os este) 2 
es shee ice fee eee ey eo kee 
= A io) = 4 io) a Q 
11 131 125 729 1,256 5,941 9 1,519 
11 108% 1,983 1,491 2,851 4,733 4A |i oS tarcea tee 
4 531% 177% 249 195 4,531 15 35 
11 109 102 133 423 8,783 26 1,265 
ll 117% 140 276 622 2,161 12 2,138 
ll 123% 1,090 894 1,057 851 54 7,718 
11 206% 961 774 629 1,932 13 1,887 
5 74 325 299 417 1,278 57 589 
ll 1 2,043 3,518 1,966 1,796 113 2,366 
11 124 396 430 695 3,952 72 205 
10 137 966 1,373 1,190 148 138 4,621 
11 108 1,093 1,179 897 2,996 32 2,317 
10 108% 798 824 657 6,828 122 1,100 
il 121 677 1,249 761 1,426 73 672 
11 W174 895 565 1,448 1,553 88 436 
2 12144 49 41 TOlnseieeere ee 10 100 
11 142 1,050 1,349 640 8,213 48 4,137 
ll 130 4 1,242 1,898 3,152 56 592 
11 11844 391 489 315 1,811 33 102 
10 16514 1,163 807 1,714 1,221 156 1,139 
ll 8614 319 790 1,404 7,594 34 312 
11 131 1,405 1,346 655 6,966 31 776 
il 166 968 408 608 2,530 67 1,990 
GOgebIO se inci vem cose tertemeees 11 93 704 868 1,377 75 43 759 
11 136 708 685 1,004 13,441 73 857 
5 15% 66 303 By dial ae inaat 19 360 
9 18614 578 652 596 ll 11 297 
11 192 340 340 1,185 4,187 4,382 4,217 
11 133 210 366 1,241 5,499 4,316 
il 130 740 1,241 631 6,278 31 855 
11 146 1,847 1,493 763 6,257 111 4,088 
i 148 624 6 643 627 3 1 
11 1134 234 201 632 288 20 345 
11 145% 810 1,156 1,115 4,171 CE 3a inpienpeccne 
11 15414 554 231 918 2,825 31 1,093 
2 10% 16 25 20) 2 ree ets 0) Beacaoscae 
7 5614 36 71 693 1,798 1G Peer oterad 
LENA WEG oiajeterersicicrs coe veystetorsin stein 11 155 1,727 2,176 1,044 2,090 118 880 
TA VINGStOM <:crsioieretecile ela rcis/stotersic - 6 46% 152 119 205 350 36 237 
ACES ei eieveraferelarclovsisicicleiatelersiolee 10 13614 804 750 1.551 946 28 855 
Macomb Seiaj2 erisecwiec etree 11 126 1,000 1,278 1,746 5,765 177 235 
Manistee sics.ccerccrevelvorneieiece etre 11 114% 718 1,693 1,604 12,660 127 1,619 
Marquette tiers -cteewiesionerel: il 97 217 238 sol 6,568 10 745 
Mason rttaccecrceisiccrieentecineies 11 101% 1,310 1,141 675 12,579 51 310 
IMGCOSLA aaicn clleniocle wale teieeies il 13514 790 202 558 4,791 69 1,929 
IMenominiGe® wiatsmetcretelererateieie's) sieve 11 125 124 462 932 5,171 54 12 
IMidland!seaciemicre cate sictiiemie(eex 4 154% 168 184 190 406 28 408 
IMissaukee sae ccrsteverctaersyereisisce siete 11 181 1,220 466 937 9,728 135 1,408 
IM ONTOE sersize sralo craislors (oils Sisieteists 11 175 1,073 540 2,030 13,867 259 1,345 
Montcalimecact-eicict ceed isiiece ll 9916 879 895 2.418 3,509 45 521 
Montmorency ....<.. scons oes 3 45 58 48 210 1,408 30 834 
Miskegonerneeeeeretise eer 11 105 629 1,345 582 920 19 280 
ING WAVE Onnt nisicistsmtoictelaeisisieraucios 11 106% 623 364 826 4,472 135 496 
AD Wiatoyorevololeleleielsieieisie oleiei=is\= 10 124 1,020 995 1,299 3,859 29 1,021 
Oceana tac eroaise rinse ieietewers 11 115144 818 476 1,602 8,658 143 373 
Ontonagoneeeime.-irs eile este ss ff 87 679 2,224 715 3,284 34 208 
Osceola.......... 10 108 560 1,161 1,084 6,472 38 2,677 
Otser onesie icieeretaesia 3 255 19 11 31 402 9 
Otsego and Montmorency 7 82 108 40 187 454 27 98 
Ottawalsecs sisters stertiee 11 111 353 538 1,653 9,045 19 1,302 
Presque Isle.......-...-.« 10 8814 197 321 409 6,599 27 540 
Roscommon and Crawford...... 11 164144 302 542 959 1,470 79 901 
DAZINAWe ee caiere'e vic cge visioeeie cies 11 119 523 927 800 1,600 22 1,030 
ti Clair serctclsteretetetsrstestesreistciete 11 138 2,318 1,878 1,713 4,620 88 4,425 
Sti Joseph. sche eee eee 11 142 636 551 783 2/118 55 46 
Schoolcrafteac cei. cere cisie oletoterets 1l 158 439 557 784 4,428 57 553 
Shiawassee...........eeeeeees 8 585 655 747 703 563 7 4,314 
MuUBCOlas ce meeincislasiee sloele Nelo ll 9414 1,976 3,301 1,552 1,336 138 12,995 
Van B UTED. sy creveis|<[olsotniale’eleleieeis 11 131 1,031 1,525 1,955 5,005 452 4,739 
Washtena wants scistseieisisisiciejise 11 180% 1,766 1,907 925 5,629 49 122 
Waynetsean succes il 10414 568 399 1,404 6,423 27 8,240 
Wrextord srmcieitcls’sleraseieiere oleei> 11 15414 402 463 1,055 6,242 54 137 


——_— |__| SF |S Ss | | | 


Totals........eeceeeree{ereeeee] 8,333 50,869 58,557 68,933 | 291,290 4,738 110,130 
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STATISTICAL SUMMARY—OFFICE—Continucd. 
ASSISTANT COUNTY AGENTS. 
= n a 3.5 — 
a 8 0 2 I 3g mt ti 
1 ey ° s o E Ce A 3 
County. S A a 8 op a= 
a a= 3 a a n @ 8 g 5B 
Sa 2 a [= oS igs) or 
5 a a 2 s | e& | 28 | 35 
= A ro) a re is) 4 a 
PAN egret yoarareraie sare arsioreieeret eis 11 112% 325 275 325 (1634 ones 363 
Otitawalemicaisre ace remiemencies ll 120% 2 3 511 1,391 2 213 
Want Burensces ne cieccicicctete ee 3 49 196 181 130 GT al econmenoes 590 
MP Otal Ss? sem savciccercveteraioteisisiese\|oveie ate ayer 2,820 523 459 976 2,222 2 1,166 
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STATISTICAL SUMMARY—FIELD. 
From July 1, 1918 to June 1, 1919. 


Demonstrations. 


J : 
= Ep 
a = a | 3 
E e 3 é g 2 
County. a = = 3 3 & ad = 3 
= eA q = = s 8s S 3 
S a = Ss sy 2 Ra za S 
a A Fy nm > = = ro) = 
il 137 655 50 10 5 41 17 758 
ll 176 303 35 20 29 536 80 4,928 
4 45 145 4 12 12 289 16 1,474 
11 163 268 5 5 8 151 92 6,124 
11 133 339 20 37 9 239 38 1,092 
ll 153% 635 23 4 7 3,142 69 4,180 
11 50 WAN Bemcadieas 7p Ree aacen| (arora 18 675 
5 3814 121 10 1 1 10 59 1,765 
il 154% 427 17 3 23 433 126 6,526 
11 15384 430 60 43 23 4,774 56 3,781 
10 79 257 31 10 by 77 5,064 
ll 155 429 38) 16 22 384 10 1,410 
Rsiahe 10 110% 529 19 2 4 195 46 2,047 
Cheboygan........ 1l 135 386 8 4 32 733 67 2,872 
Chippewa.......-- 11 155 523 21 48 2 405 27 669 
Clare eee aeen nice 2 1444 124 3 1 (ae enOG| Mdsiarancc 4 750 
Clintons. 210-0. «1 ll 118 159 9 10 2 13 73 2,987 
Weltanceceecen ces ll 146 Rie anonaaean 20 16 53 33 1,188 
Dickinson......-.. 11 15614 339 Ones a 9 69 24 1,337 
Watonanyerseiser slots 10 824 243 18 1 25 388 72 £6,646 
MmMeter siete cer ll 18614 510 80 53 12 295 108 3,630 
Genesee..........- ll 143 463 OOS hop csiiscss 30 963 44 1,968 
Gladwinkacseacter- ll 8144 323 22 1 10 301 59 2,343 
Gogebicteaes -as-iel il 168 622 369 387 1 20 19 1,162 
Grand Traverse. ... ll 129 465 1 34 7 338 81 4,048 
5 116% DAG Wie scccie see's 25 3 42 26 707 
9 5214 Fi Uh eee Imerrtetrorsn | inate ersnc| [anes inentn 2 15 1,487 
11 75 348 47 39 5 44 65 3,740 
ll 149 263 91 38 75 130 56 1,549 
ll 14714 377 25 26 7 334 32 863 
11 132 304 10 25 5 1,112 31 1,858 
11 10914 248 Ore mance 31 220 76 5 3; 014 
1 13314 ASTD See ohana 5 10 149 80 5,100 
ll 113% 165 8 4 il 168 86 6,483 
11 108 OS cra ars 2 5 121 64 2,301 
2 C128 teeta seo ech] Geanoomenal emacocmece | neeacontod lsorcsecbe: 1 32 
7 107 148 LP ie 2s sratsratsisrsl| atocora Miele aisle | arsenate 38 2,928 
il UDR Se Nl esi, cr srevsestell beere tare ie ceus tere ererccarave oom olell elarevsteve e@heeil cieeaicteravorstate 37 2,675 
6 101 343 104 DG ie cpevatolererosell valaretererersiate il 845 
10 111% 383 5) 32 4 RY fo PRES al Beem anos 
il 151144 312 2 Di ie cs8 carerotetecs lereraiiotates 114 6,838 
11 148% 346 44 18 21 159 142 14,733 
il 174 385 30 23 9 60 40 1,614 
ll 167144 230 40 28 1 7 89 5,199 
11 9714 195 1 WS A cretena's foreeo aM creole 75 3,572 
ll 115 421 23 32 10 262 43 1,867 
4 5914 186 8 13 8 OD Bit mcr recs ceeiatel| Welw noes 
11 90144 396 10 15 4 65 41 1,850 
11 10314 478 7 Dial Ineween a at merino ds at 80 3,796 
11 183% 609 115 62 12 380 65 4,529 
3 32 94 32 5 1 55 24 689 
11 146% 338 74 113 17 369 51 3,432 
ll 173% 623 115 154 12 140 51 7,916 
10 106 256 8 30 3 146 90 6,782 
11 156 272 20 46 38 574 56 4,018 
7 73 DAO. Sse eerere|| Mesaicere eres 9 200 27 781 
Osceol at :. secite si 10 110% 421 8 8 12 580 39 3,525 
Otsegou ccs ccuee cee 3 7 20 DH cieeerstats eierets|| ‘exe tavers tor ietekel| erersantelanetacers 5 126 
Otsego and Mont- 
morency........- 7 87 372 4 2 1 27 675 
Ottawac-eecccdeete 11 161 268 22 27 25 745 122 6,386 
Presque Isle........ 10 151% 196 1 5 14 357 69 2,548 
Roscommon and 
Crawford. <2... 11 11914 270 43 30 9 72 45 2,450 
Daginawecceneen rics il 133 217 5 7 4 21 37 1,320 
DStsClainssncncieses ll 14414 180 ill 14 9 40 79 4,626 
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STATISTICAL SUMMARY—FIELD—Continued. 


3 Demonstrations. B, 

| 2 | # 3 5 

County. 3 ¢ {= 3 < & eae ag 3 

en en eee ee ere eo.) sa: lee cs 

= A oe na > a = fo} = 
St JOReDN ano em 11 141 373 101 202 54 8,223 68 2,480 
Schooleraft........ 11 116 360 4 1 4 32 22 649 
Shiawassee........ 8 9914 492 yal ReRenonadc 2 700 28 2,950 
PLURCOLS crararorciatere sie il 163 452 35 68 47 1,016 46 3,860 
Wan Buren. occ... il 140 679 33 6 29 3 77 3,630 
Washtenaw........ 11 895 362 Bi PBeeraces 12 165 35 2,916 
WistyNe: coos see sc il 178 497 id 5 49 345 101 4,511 
Wexford 2cc.ag.50.< 11 113 80 4 Wisse oerexeres||lotatotpteye eserets 46 1,644 
LOtal Se ccacie aa le dieters =e 83,234 23,840 2,115 1,913 798 31,451 3,783 215,618 

ASSISTANT COUNTY AGENTS. 

PAV CBAs erclcsinis cieieil cyetele este e 158 343 24 35 - 30 633 48 2,396 
Ottawa ccs. oscs--' SSo0 12414 161 21 37 15 247 64 2,934 
Mant Burens sosisicisie's feisicicicierne 28 172 3 2 13 175 6 301 
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STATISTICAL SUMMARY. 
From July 1. 1918 to June 30, 1919. 


No.of Agentsreporting te. « ./..c esses ccs eve cis « 


OFFICE. 
DAYS INOMICE oaierars ors oie ats ore lovcinine Se ato aan ae 
Calls on agent: 
Personal 65% 32 jac te beeen los aoe ne eleaieaeies 


Days in field 3s sans ies ella hace ne ional ciave oe we eelainiets 
Warm VARits TAGES Aeccy- nla cetece stots aiooke ean eee eee rae 
Demonstrations: 
Be UATUEM Geth eyerase eens loie coe aaieiciom esse ies 
Ds WISI GEC an ecerrmtaetcreraee con atcvonste ke totoreles cimrentyerovelecer 
ce» Meetings Heldiat (yn So in. secre ema cneticetel se 
d. Attendance at meetings..........--.+--e0-e00e 
Other meetings held’s .2)s sive iewyereerns cveimiclsticiviers ets te 
Attendancel iss. cccicn ctetstcleiye wtctoie meee sone eeieosiete 


Nos ofagents reporting: tsacaice oe saccnie ce seers 


OFFICE. 

Day SiMe veo 72 ec ie e e settee eve eel 
Calls on Agent: 

Personal es crc e wise act acto Tele ss ere e eet ete 

Telephone! scsenceeaese Boo eieiic oats 
Articles published in local press...........-..20+-+-- 
Siettersiwritten: eras ccs siicimtiacciitelrceecnaues 
Circularletters mailed). ctts cei screen ois letotersiers 
Bulletins distributed sjoctee ss soreness seit 


IDFA put Wan oras ano baboacun noeseueroceconnd 
Warm visite Made scactscewrea ea cret nits ee cet eteiete 
Demonstrations: 
BP OLATLEM wes Sa ace ie oie ee oa ee ia eater 
Di aVanlted!s osc cn tet ctemcoe Ne seiieeseaacen college 
co: Meetings heldat:.,sa.0ce ace aacistee ew crore ots 
d. Attendance atimeet sic. «...> <tarsscsisys brort cress tslnioiee 
Otherimeetingsiheld ie secereras teescteipetcrtete terete ees -teta state 
Attendance s-5 cnctan ein cle Selector terion sites ei ciene 


Number Assistant agentsreporting.................. 


OFFICE. 

Days imOmice yes coseaccc eases wae ooo emecrite eels 
Calls on agents: 

Berson eer peo ictemapanciomia-cie esos evoke me eee 

Melephone Ssmpernce crane teks amin sirens Shares 
a tbers writteds cit act sciins sraicreyscckoreisisic “locieleieencls 
Circular letters mailed.........< CaCO D acre 
Bulletins distributed sci ctewissiee sisteveie sie Ae w/ele 0. ce -<1ers 


FIELD. 
No. assistant agentsreporting..............-..+-00- 
Daysin field. .... 4 
Farm visits made 
Demonstrations: 
Bo Started ens oo... css ccioa ema ie eyes ere peice 
PiiVisited 7arsiis 5 Sate acle he ce seis otisisiets 
e=-Meetingsheld'atescncn «sa scare once tieewenes 
de Attendances. a ase jcc teaee om oninmsciece tens 
Other:meetingsihelds.25 ses ccc sccm ce oecnaionmener 
IAGEENGANCE ooo ines ale ae on Suiee Oe ak dealeeice Gate 


July. 


1,14514 
5,486 


Aug. 
67 


14514 


5,350 
5,982 
426 
6,306 
20,169 
8,478 


81314 
3,281 


’ 


65 


68114 


4,522 
5,192 
333 
5,742 
23,667 
3,537 


Nov. 


65 


76114 


3,634 
4,167 
327 
4,522 
17,786 
4,210 


Dee. 
62 


1,0381%4 


384 


951 


5,807 
6,054 
523 
8,283 
37,356 
21,375 


7321 


4,650 
5,500 
413 
7,322 
38,160 
13,939 


724 
1,922 


317 
162 

79 
5,281 
398 
16,971 
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STATISTICAL SUMMARY—Continued. 


Jan. Feb. Mar. Apr. May 
Number assistant agentsreporting.............-..-- 2 2 2 2 DEF Wares alercercte 
OFFICE. 
DS YRSIMIOMACE® «csta:.cteseeiercte ciao Sees wie dieieaioe So wsitine 254% 2014 2414 19 12US Es Aen cses 
Calls on agents: z. 
IPETSON De wt ratrs Joes atctsh eis stom sic,0c,s'e ance cioniett 33 41 38 30 BOSE OSS cetie toes 
Telephone =a. cece. eecclcars:<tete daameleresie’s cision thee oh 30 40 33 15 1S (it scent 
Articles published inlocalpress ................-- feelers esl Waa teceel Se SpE Dace atti menes 
Maathers Written sce sistas eiolejels oteic' ec Gistsls syesele sie crerciavere 55 36 118 79 OE SW iacetors ie ers 
Circulariletters mailed i228 stosec vcrcccciee vale oni cleest's 869 575 84 14 263 -|(eeee es 
Bulletins distributed ates secitecaiiciescoeetelsvoatcetesty- Gar cla vaenies 139 ZOOS Weisare ene’ labore ennes 
No assistant agentsreporting. ............+..--05- 2 2 2 2 Desi Seractesreclaie 
FIELD. 
Mayer tel d erepsrc cc ieistsctarero ore es Melons orasistclete seit ere 1914 1914 32144 264% DOUG aI El Betcrcto vere 
Farm! visitsmade vs > haan. cee cto fs Mest glan ase ta ake 6 19 36 48 a arene era 
Demonstrations: 
ep OAT EEC eeabess stvelste sterercls Ne abet arsrevaints eievronerciais ersten | neal (re eee v 17 Bicsuan Paci hi meres 
DS Vaisited ey sypcctetehe oe atete cea hiotete ee iee lao ea eae ie ional [aie memes 2 4 rea eras 
Coe Meetingdiheld'ateciesc os crcrae Sine wicvielaiaraeve aloes] plstaaisibioclese [eteieie aise misrl| sAoherateickars's 3 Teale ees 
d: Attendance at meetings: cio )civecteteresve e eiclsiciss «| Gnrsiaga teiake sills siararere steisvcll = slate aie eciche 45 1 re ape a a 
Other meetingsilicld ssa ss ceckieais cre ose cenie dlaie oiSee 15 11 22 10 LO Pee ae 
(ALLEN GATICE Baie a crncrets Saroiststotlo piel ls cies ecsiela’e wisisiovelsls 741 627 1,130 535 6201 a% lake sce 
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REPORT OF SECRETARY AND TREASURER. 


The following shows the receipts and disbursements of the Experiment 
Station for the year ending June 30, 1919. 


Dr. Cr. 

ulym ell OUSSeMoibalance Overdrawm-y ice ceniscis ceo eictonlerelorotee eran love eal nlnreTas Seles bicro carole a emcees $5,180 36 

Aug. 16, 1918. TECELV Ed TOM Wew;+ DLCASULY,snpsatreete Rie stei cle @ oro se cigiiee ine Gains on a nreee $5;000\00))\5c..s omens 
Octs F301 91See se recelvedtrom Us nLCASUT Vic. ors siavessrcis crete erelcre elatovencceia olereiatele anclalne «cis olathe 2,500 00 
Nov. 4, 1918. Pecelvedirom Wn ossULCASULY;n. cmemascice ic ctelecis akin Taine nis tote he rcemiaee 7,500 00 
Jan. 23, 1919. Tecerved (rom UW: Ss LLGASULY sere ecre Saws cites ts ci ch te Tae eee ees 7,500 00 
Apr. 18, 1919. Teceivedurom Us Sa TLCABUNYs serie sec icesisinis anions selec sists sells ielemeeln he 7,500 00 
June 30, 1919. license fees; commercialifertilizers'’s s.ctrtocecacae ccictc ceo oe ae oni e ciao 7,170 00 
license fees, commercial feeding stuffs .............ccececcsccecccceceececs 14,975 00 
farmvand miscellaneousreceiptsarsemce tisiietene aclon nccics aia nso eth ccloieeciee 2,105 92 
from State appropriation, South Haven Experiment Station.................- 2,555 64 
from State appropriation U. P. Experiment Station..................0.20000- 19,805 00 
from South Haven Experiment Station receipts.... ........00.c0cceeeeeeees 530 81 
fromiu. P: Bxperiment Station'recelpts "Seo s.o os ascent Soe ee tees os 7,653 04 
from State Treasurer 1-5 Mill ..................-- SS Ceerenocecrcnc memes 30,000 00 

By disbursements as per vouchers filed in the office of the State Auditor General ..|..........-. 125,219 43 
balance Overdrawii tn terscrtcesoe creloisiccreerna oie ote eee Ta oie enti ween 15,604 38 

Uh GaN ares area Se ee oy Toke recto ae oectaretetal es ere lane alolare: aisialerereteiennaceiee's calor niarsisiaroleletecesis $130,399 79 | $130,399 79 


Fifty thousand regular bulletins No, 282; fifty thousand regular bulletins No, 284; twenty-five thousand regular bulletins No, 
283; seven thousand five hundred special bulletins No. 90; seven thousand five hundred special bulletins No. 91; six thousand five 
hundred special bulletins, No. 92; twenty-five thousand special bulletins No. 93; twenty thousand special bulletins No. 94 
twenty thousand special bulletins No. 95; five thousand five hundred special bulletins No. 96; twenty-five thousand special 
bulletins No. 97; ten thousand circular bulletins No. 36; seven thousand five hundred circular bulletins No. 37; seven thousand 
five hundred circular bulletins No. 38; three thousand circular bulletins No. 39; three thousand circular bulletins No. 40; four 
thousand five hunared technical bulletins No. 43; fifty thousand quartly billet'ns Vol. 1, No. 1: three thousand five hundred 
technical bulletins No. 44; fifty thousand quarterly bulletins Vol. 1, No. 2; fifty thousand quarterly bulletins Vol. 1, No. 3; fifty 
thousand quarterly bulletins Vol. 1, No. 4; one thousand press bulletins No. 63; one thousand press bulletins No. 64; have 
been issued by the Experiment Station during the fiscal year. 
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DISBURSEMENTS ON ACCOUNT OF U. S. APPROPRIATIONS. 


Hatch fund. | Adams fund. 


Salaries: 

Director and other administrative officers...............ccecececececcecececcececececececs SL OLONCO S| eerie ereei-racreie 

Scientific Stage. cjcen as eae eae Caer Ee a oe ee ee 2,574 80 $2,746 90 

VA ceIStAN tA COBCIENTINCELAN Son tees oe cieth ercct le eect ce ae Eee ere eee 7,279 25 9,290 85 
Labor: 

‘Annualand:monthlyemployees sen. caste eon cerns cen een ee aerate eenee eee 226 60 630 00 

Balance by. week. day.and houras needed .5.oocieio;< ccc cecrerel arse ermine ecwiate < wiciemni cleric = sfenterersierste 989 47 . 923 12 
Publications: 

Otherexpenses (copper/half-tones):< sive atc. ctas ocveco sits as visteie © aL orale Sheree ere ieee ese alert ole tay vats UT OE STS rec iteeieeceistale 
Postage and stationery: 

ee) ct Re ace Been ame cr inherit diien a Arca atiGten ona tacan cso oon bar mOOES 126/407 Fe clelciaisiein's 

Stationeryic oucoe 8c Onto oaniansn eres EE PRR DE ICU ig a al pen ttn aa it nen RR 18 44 2 80 

Telegraphiand telephone s-s<jcsiasie a clerieeh ciseicien ae anne Meum oe UeIee ate ates Tohaz eV RIssiae leis fejotays 2Da | ieieisioieleisy ate 
Breight and express. Sac ysect es orcs 6 5! sions a tees ROG ontario incr Bere eeratnro 5 00 37 88 
Heat, light, water and power: i 

BLES Gece Aaa a Te aes costo ee eke eae e Notas AR cheesiest oopaea ar cteTonmrchs Raat eee ESE 147 15))...........- 
Chemicals and laboratory supplies: 

Chemical 82rd is osc keerneitce oe ce nie clears veers niare oernlatnleaniaciactssaereh eee ieraes Ue) aoe 505 

Other supplies 147 64 35 49 
Seeds, plants, and sundry supplies: 

Horticultural sctne se cot oi oth eae Oa te eee gst OE OE Sa ea EPS ete 10 80 

dete} VLC ARN RSE, Sc ROAR ane oe GAs ira irate Aiea Io EER ERS mean Ste eee 

Hn Gomolocioal ge: skccsce cates Hosea ecole eas ee er aoe oa rasededs ae ae oe oe teiaee stores ttaine 

Bacteriological s2.te sos asco ok sk a eee ee ae Sane Soe en Ries ey, 9 42 39 89 

OLS Cet ee eo ree Ea ee anc SSE, ated ee EL Oe EEE To rae FIED Vaio ctaie.s vim cle ve 

MST OTODS > secre eee hoo ee eae Ta arn AS RS eae eo sate ee 138045)... 
Fertilizers to tccc coh ee mee we ee aren ee ae Te apne ae coe Se eet 45 00 3 00 
Beeching Struts ceases sesso ae Sheets chaps eh ere eee NS ag ee ree ere 682 19 
Library: 

- Four volumes American Journal of Physiology... ........ 200... cccccccecccececccuccccseecees ZO E20E Mere sastelaetelcte 
One volume Journal of the society of Chemical Industry..............00c0c0ceceeeeceeeeceees 12,503)... --. 0.2. 
One volume Soil Sciences vi Nc patente tan caatee Named een ae ence hee oeare ecient (FAL ol se Soooeeunc 
Binding sixtychve volumeseyee sy os see ee oe ED io came rere (CD Nee consuss 36 
Binding forty VOlUMER cach oe ate oe ee eo Seo ieee OER AGHOOR CG iarsiSerrists arate 
Binding onehundred twenty-three volumesso tye oe lee Selle cle nua iee ines ieee eS noes aasaqc 
ObHerT Gems ison ahs eee OE ae eee Fane en occ oe ornare ets SSeS age 235 90) |-.-..----.-- 

Tools machinery and appliances: 
(a)iN ew. ur chases Airccee irene iy ee ee men note. ths Lich one hate eS eee eee 166 34 18 82 
(tb) Repaitsctzas tne seen ts mom yet niers neces 00 rf, 72070 as Oi Sar aR 15 28 70 
Items of principal purchase: Hateh. Adams. 
One 14 H. P. 220 V. Shunt Wound motor....................05- $101k 63a eee 
One fourteeninchStillson wrench.................0.00se0ec eee Ny Es eos see opiee 
One food grinder® crit cert ote ena ere sicko cos aes wee era ete LO Bee Se never: aes 
OnesetRarcentibits nese nies sae ons Gs cl eee oe cee ee 6hb0 eS eee 
One Band iVai races sry sere ee aaa eases ae) er ee Se 50k ae eee 
Qnettanksheaten: Coie natesten. oes Seca sss oie Sig Sevace ale abd elehete aa aT ee eos $8 00 
One'sllarecart ce ce k emcee ects oan Mai onioae eo ee Eee 4 90 
Furniture and fixtures: 
CONG) ENT oe de Sun Hos ae SOG OTOP Ee SORTER Bat annS ae earns ar ao sous eabbeors Bene snap 90 
Onenitrogen amp teat hohe aia See EEE Ce EC ee eienrae UWal leaeackcooces 
Miscellanea ss aretha) eset oe asat crore craves savin c le cick Sean R ass ra aS Se cae ee eo | niece eeerereiees 1 00 
Scientific apparatus and specimens: 
Ones bacteria crinderwithypulleyandchandl e2.2-i.-.:- <osecciue econ cee eae oc sie ereereeieels 36 10 
‘Lhreeimaximum'reristering thermometers sacri «sci. 2 2a a cei eet ine seeeticniens 1048 coaeooosooS 
Live Stock: 
Smallliexperimentalianimalsssse-ee aa eee ice ore oe ce ee eee eee oe etal ecient 56 50 
Traveling expenses: ‘ 
INisUpPELVISIONOL StatlOM work cso e eS eS aes eee ante eos ote cee see ere Bf ty 4s), | eSB OOaoBC 
In connection with investigations under the Adams Act.............0c0ccccececee cece eceees [eee et seseaes 6 65 
For other purposes connected with station work................ccc cece ee ccc ceeeecteteeeees ELUM \iiceonecossac 
Contingent expenses: 
One year’s dues, 1918-1919, Association of American Colleges and Experiment Stations........ 20° 00|7). 0.5... 28 
Buildings and land: 
New buildings'o cts. vtec oceee ccc ote eit era ie mT oat eract SING res cheb iaectamrato piataloteeLesefeinieceistelsvel]ie’avele/nualece Kae 487 21 
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DISBURSEMENTS OF EXPERIMENT STATION MONEYS—OTHER THAN RECEIVED FROM U.S. TREASURER 


rare see eae eho Ae Rabe. erat ata VN A aL OTS lass aba etal aualuug cole avavapelavaiS er eIsld SINE, aleitent araleve ne aee Brola wire $35,603 92 
Mea Un ari her are erate eae aI OTETG oe ae eas See DaTa ae Tas orate Bech Te ccha ota ata Sale aisle bvanetotal av els/ausit sie Sis ove rere ieletoneds o acerguelstaiaterele; el abet 18,561 55 
LAV DITEA NGI 5 6g. conbannicddeodoeaRDesnoo deans 6 cnosbEn>coag ncbU Gece Asoc borat anocsocaapaddcsounnoeas 439 15 
IPOSEAZE ANG! Sta CLONELY =o. ser verceei cress store evs Me ra alee a ere ote ioe a tasee eral aS elehaiele Sheaves) oo pete oad nual ameisle Sore eg e7S 988 77 
rei ti amd Express srt soars cieieve. oars letoteacdeae ear Te oie che aisle Ssetecone ssaieveus ate ave oetatate ieisest stelelataterane ce istelsioisjete eisisuaeiers hie 554 73 
Ghemicals:and:laboratory, supplies stoouscae ee cio a choi asics os ere Salsa laieie es Se oiale ei stol cela eiaieeniesielats wiiaveie tte 3,249 95 
Seedsi plantsiand Sundry SU pies sresstereretsreyoies0.5)s tole: arnretetereorctoyossialejoyetesel(eleje ejolecoicia) s\s siossselesiel avs e/ajais7e efojerare sess} 5,142 97 
iW erbalisrenrss sts srctaie cycistecasea carseat ecto elo Palo aT arora orerenceoeeieree fo) rane busta osc Solace ate alate ore datotela lee sivtpians Gmc tied. owlecsisimcisiet 1,266 58 
PH Geach erage EL AEIS Store os sash hoccle nites rei TAGS races orcs oan Crew ar obea e Reames te a RST SEOTO RESTON OUPEG ecu ntaTo evel aT oe reyah Wheto tslafoleloteretate tere 6,822 30 
Mabraryec .)ossicseneaess Move rote hes euciet clo¥s\ ic (oustetane ecesececetayevelsoPevelsisiome oie. sraes arose euetsNai stole clea a oVeter mete] tele sie, stats ofelelelars 103 29 
Doolssmachinery/andiappliances sis frc cee ste ravere claret esa ratec eee rotntet te chae ad hv ah sbats ta oiaiale hale elects eon optepetnes 2,355 48 
Furniture and fixtures...... Epa pba pone ose nboceapoddudbt cdonaprdbe cosas octinadeecadabe sac pocooees 692 90 
Hclenbilic App aravusiaMm di Specimens ys seer ects arsvsicsetercin aco hel anya vas eret eran eieee ina VC IT eit nner ce clea oTo oie thsyee ereistle wiers 1,237 00 
LASSI oro OD ROR GBI N SEFC eC DOS ar eer nh SO aE ine Pin Cameo At nate ty sere Sah Rit Meme 770 79 
Traveling expenses....... tO Ne Santas AE ce eet eo ae ahr t etea a Ceae PA n ea 5,558 78 
Tea tigre Fetal ews beret cee es coseccty cristae he ara ea SISO a eLE ELST a ec a eraN SU RMua char oar ere eevee vo eis kexa arena oMS 98 40 
BB Ualch irae earner ers tercce eee hers ere eneneea cre errr ore aa elena rad ao reie cin ro olave. claus oy aleloisl sb tetere poser ls aversheleset tare aiahnies eteler ee ooo 11,772 94 
Balance OVErara wise era ceiee oe ricerca ee ee oe ale ee oe hea OE OTIe ee Sis ad Mo nig s Sissi Teale eee 15,604 38 
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REPORT OF DIRECTOR OF EXPERIMENT STATION. 


To President F. 8. Kedzie: 

During the past year the work of the Experiment Station was seriously 
interfered with on account of the loss of so many workers to serve in the 
army and navy or to aid indirectly in a variety of activities having some 
bearing on war service. It was necessary to abandon some of the investi- 
gational projects temporarily, particularly those having the most intricate 
scientific bearings with least prospect of producing immediate results 
to be used in agricultural practice. At this time many of these suspended 
investigations have been taken up with the prospect that all will be re- 
sumed in the near future. The war conditions calling for increased agricul- 
tural production resulted in a greatly increased demand on the Station 
for a great variety of assistance to furnish speedy relief as the increased 
emergencies arose. 

The administration of the funds of the Station was beset with difficulties 
this year. At the beginning of the year the Station funds were fully ap- 
portioned to defray salaries and operating expenses. At this time a num- 
ber of our Station workers were on leaves of absence granted by the State 
Board of Agriculture for the duration of the war. After the signing of 
the armistice in November, 1918, many of our men returned to occupy 
their former positions. In addition several temporary appointments were 
necessary to meet the demands made upon the Station. This situation re- 
quired the appropriation of more money than was made available during 
the year. 

The following statement includes the funds disbursed during the year, 
indicating their source: 


Elba tela; Humid eyes eect pectin eanly epee cee Ses $ 15,000.00 
AACA S chia Sie eee een ce en eee eae, 15,000.00 
SLRS ol cA 0010 (Sit Oi ae coe kA apa oe rR on a Ae ed 63 , 282.67 
Upper Penmsula Station Funds... =. °.. ie... 22 285835709 
South Havenstation Funds ss. ..5. ms eee: rape NI Lg 
PROTON ser he cs. timate cactets woe oe Seen $125 219.43 


A report of the work of the Upper Peninsula Station at Chatham, 
appears elsewhere. Mr. B. W. Housholder, after three years of very satis- 
factory service, was succeeded by D. L. McMillan, April 1, 1919. 

The following list comprises all bulletins issued by the station during 
the year: 


Regular: 
282—Sept. 1918. Commercial Feeding Stuffs, 45,000. A.J. Patten 
C. F. Barnum, E. F. Berger, T. E. Friedemann, P. O’Meara. 
283—Dee. 1918. Fertilizer Analyses, 25,000. A. J. Patten. 


284—-Jan. 1919. Some Information and Suggestions Concerning 
the Use of Phosphorus, 50,000. M. M. McCool, C. E. Millar, 
' G. M. Granthum. 
Special: 


90—Nov. 1918. Special Report of the Upper Peninsula Experi- 
ment Station, 7,500. B.W. Housholder. 
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91—Nov. 1918. Some General Information on Lime and its Uses 
and Functions in Soils, 7,500. M.M. McCool, C. E. Millar. 

92—Dec. 1918. Feeding Value of Skim Milk, 6,500. H. W. Nor- 
fon,, Jr. 

93—Feb. 1919. Spray and Practice Outline for Fruit Growers, 25,- 
000. H. J. Eustace, R. H. Pettit. 

94—-Feb. 1919. Financial History of a Twelve Year Old Peach 
Orchard, 20,000. H.J. Eustace, F. M. Barden. 

95—Feb. pen Musk Melon Culture in Michigan, 20,000. C. W. 
Waid. 

96—May 1919. Analyses of Insecticides and Fungicides, 5,500. 
A. J. Patten, E. F. Berger. 

97—June 1919. Alfalfa in Michigan, 25,000. J. F. Cox. 


Circulars: 
36—Feb. 1919. Planting the Rural School Grounds, 10,000. C. P. 
Halligan. : 
37—Mar. 1919. Raspberry Culture, 7,500. R. E. Loree. 
38—Mar. 1919. The Culture of Currants and Gooseberries, 7,500. 
R. E. Loree. 
39—May 1919. Foul Brood, 3,000. B. F. Kindig. 
40—June 1919. Infectious Abortion and Sterility in Cattle, 3,000. 
E. T. Hallman. 
Technical: 
43—Nov. 1918. Soluble Salt Contents of Soils and Some Factors 
Affecting it, 4,500. M.M. McCool, C. E. Millar. 
44—-Nov. 1918. Rate and Extent of Solubility of Soils Under 
Different Treatments and Conditions, 3,500. G. J. Bouyoucos. 
Press: 
63—Oct. 1918. House Flies and Influenza. W. L. Chandler. 
64— May 1919. Onion Maggot, 1,200. R. H. Pettit. 


Four copies of the Experiment Station Quarterly have appeared during 
the year. This publication is intended to convey to those whose names are 
included on the entire mailing list, a variety of useful information relating 
to agricultural practice and resulting either directly or indirectly from 
Station investigational work, This publication seemed to be very accept- 
able to.our readers and especially useful to County Agents and other Ex- 
tension workers. 

It is still our earnest desire to organize investigational work in farm man- 
agement and rural economics. This-would stimulate and greatly aid both 
educational and Extension work along these lines. In the same manner 
investigational work in farm mechanics is needed as a basis upon which to 
upbuild other lines of effort. ; 

The Station organization greatly appreciates the prospects of larger 
financial support, now that the general revenues of the-institution have 
been increased. This will enable us to more fully meet the needs of 
those seeking help. 

Respectfully submitted, 

R. 8. SHAW, 
Director. 
East Lansing, June 30, 1919. 
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‘ REPORT OF THE BACTERIOLOGICAL SECTION 


Director R. 8. Shaw: 

Dear Sir—With the signing of the peace treaty almost synchronous with 
the rendering of this report it is with regret that we are unable to report 
that the work of this division is on a peace or pre-war basis. You were 
made acquainted by our last report with the losses that we had suffered 
in our experimental staff up to July Ist. In the fall of 1918, assistant bac- 
teriologist, F. W. Fabian, entered the sanitary corps of the army as a 
heutenant. . 

However, to counteract our losses we had the excellent assistance of Dr. 
E. T. Hallman of the Department of Animal Pathology who maintained 
intact the experimental herd for the infectious abortion investigations and 
materially added to our fund of information on the nature of the disease. 
Assisting in this work was Dr. D. J. Lamoureaux who labored faithfully 
until a brilliant career in the field of research was cut short by his untimely 
death from influenza, February 27, 1919. 

Lieutenant S. N. Lord of the Canadian Expeditionary Force was with 
us from July until December 1918, but on account of a heavy teaching 
schedule and the confusion resulting from the influenza epidemic, he 
was unable to accomplish anything with the problem formerly in charge 
of Mr. Cooledge. Mr. Fabian, Mr. Nobles, and Dr. Stafseth returned 
early this year and Mr. Cooledgein May. Mr. Morgan and Mr. Huddleson 
are still with the A. E. F. 

We have, therefore, been unable to make any progress along some lines 
and very little advancement along others throughout most of the year and 
even yet some of our projects must remain untouched. The situation is 
briefly as follows: 

Adams la. The effect of diseases in the cow on the milk. Nothing was 
accomplished until the return of Mr. Cooledge who is planning and pur- 
suing his work now with vigor. 

Adams 1b. The keeping qualities of butter. Mr. Ruehle has been 
working throughout the year at the problem but his progress has been im- 
peded by the unsatisfactory manner in which he found the records of 
previous investigations, by a heavy teaching schedule and a number of 
diversions that, ordinarily, would have fallen to the lot of Mr. Cooledge. 
A record of his work appears herein later. 

Adams 2c. Soil solution and its réle in the life of soil microbes. This 
project has been effected the least seriously of any of our projects. As 
a matter of fact we feel that much has been accomplished by Miss North- 
rup in her studies on the decomposition of peat as will be seen from her 
report which follows. 

Adams 3a. Swine epizootics. No work has been done on this project 
for two years past and none is planned for the immediate future due to 
absence of the available man in the army. 

Adams 3b. Bovine infectious abortion. Dr. Hallman, Dr. Lamoureaux 
and, for the past few months, Dr. Stafseth have made progress in their 
investigations. I refer you to Dr. Stafseth’s report. 

Mr. Cooledge reports as follows: 

“Having just returned from leave of absence on military service, I 
have no report to make upon progress of experimental work during the 


past year, 
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“While in service I was stationed at Rimecourt, Haute Marne, France 
in the laboratory of Base Hospital 52. I was in the army between the 
dates February 4, 1918 and May 15, 1919. 

“T am continuing my studies upon the general problem (Adams la) Re- 
lation of diseases of the cow to the milk, and have under way or projected 
the following phases of the problem as applied to infectious abortion. 

“TI. Study of the possibility of the udder, through the teats, being an 
avenue of entrance for Bact. abortus. 

“II. Attempt to improve methods for studying the presence of Bact. 
abortus in the udder. 

“III. Feeding experiments with Bact. abortus infected milk. 

“TV. Nature of Bact. abortus infection in the udder. A bacteriological 
and pathological study of Bact. abortus infected udders to be taken up in 
cooperation with the Department of Pathology. 

“V. Study of strains of Bact. abortus and abortus-like organisms isolated 
from milk.” 

Mr. Ruehle has the following report: 

“The research work on butter has been on the Adams Fund Pro- 
ject 1b entitled, ‘The Keeping Qualities of Butter.’ This work is still 
in progress but has not progressed to the point where publication would 
be desirable. <A preliminary report of one phase of the work has been 
embodied in a paper entitled, ‘A Microscopic Method of Examining Butter 
for Microorganisms’. This was read before the Section on Sanitary and 
Medical Sciences of the Michigan Academy of Science, on April 3, 1919. 
An abstract of the paper follows this report. 

“In examining a substance for the presence of microorganisms, it 
is always desirable to be able to analyze the material microscopically 
as well as culturally. In preliminary examinations of the butter by the 
microscope it was found that a large proportion of the bacteria are im- 
bedded in particles of casein. This would indicate that any cultural 
method of counting the microorganisms in butter would give counts much 
below the actual number present in the butter. 

“After some experimentation the following technique was adopted 
and is still being studied: 

“One gram of butter was weighed out and transferred to a clean 
separatory funnel. One cubic centimeter of hot water was added to 
the butter and the whole mass agitated until the butter was melted 
and thoroughly mixed with the water. Then 50 c.c. to 100 ¢.c. of ether, 
gasoline, or other fat solvent was added to dissolve the fat, when it 
was allowed to stand until the two liquids had separated. The aqueous 
portion was drawn off into a graduated cylinder and an equal amount of 
sterile skim milk, which had been allowed to sediment for a week or 
more after sterilization, was added to the aqueous extract of the but- 
ter. After mixing 0.02 c.c. of the mixture was spread out with a needle 
on a glass slide so that it covered an area of 1 square centimeter. Some- 
times a larger amount of butter was used but in those cases a larger 
amount of warm water was used so that in every case 0.02 c.c. of the final 
mixture represented approximately 0.01 gram of the butter. The smears 
were then treated in the same manner as the milk smears are treated in 
the Breed method of counting bacteria in milk; namely, the smears were 
dried quickly on a warm plate, immersed in xylol for a minute to dissolve 
any trace of fat, fixed for one minute in alcohol, stained with a one per 
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cent aqueous methylene blue solution, destained to a light blue color in 
alcohol and dried. Duplicate smears were always made for each sample. 
The counting was done under a compound microscope in the same manner 
as in the Breed method. In this work an E. Leitz 1-12 oil immersion ob- 
jective was used with a No. 1 ocular and the draw tube adjusted to 152 mm. 
There was also used a special ocular micrometer marked into quadrants 
with cross-hairs and a circle 8 mm. in diameter. This combination gives 
a factor of 650,000 for every bacterium seen in one field. From 10 to 40 
fields were counted and averaged per sample. The following results were 
secured (see table): 


Microscopic Count. 


Butter 
Sample Kind of Cream. Plate Counts. 
No, Groups. Individuals. 
Ge ee Pasteurized, ripened by starter 620,000 5,035,000 7,962,500 
Pasteurized, ripened naturally 168,000 9,250,000 14,925,000 
Pasteurized,ripened naturally 101,000 666, 250 980,000 
Pasteurized, ripened by starter 5,000,000 9,600,000 14,880,000 


Pasteurized ,ripened by starter 


L 1,240,000 25,350,000 40,950,000 
Raw-ripened naturally. 


16,600,000 10,010,000 17,680,000 


Wnknowntaececnesce 3,165,000 3,022,750 5,590,000 
Raw-ripened naturally. 9,100,000 5,622,500 8,582,500 
Unknownsdairybuttelsieces cence cen: sea ree renee 3,597,000 2,762,500 4,290,000 

NE OLULAG sieratarayretereicicin clevalaleteto ick te one o I eSI alone ste Bead Were t each onesie aie 325,000 325,000 


“In every case when the cream was first pasteurized the results by 
the microscopic group count were higher than by the plating method, 
which is not surprising since the dead cells would stain as well as the 
living ones. But where raw cream was.used the results by the plating 
method are higher than the microscopic group count. This is opposed to 
all experience with the microscopic technique when applied to milk, 
where one usually gets results from 2 to 5 times as large with the mi- 
croscope as with the petri plate. The reason for this is not: clear though 
our experience with sample No. 10 suggests a partial explanation. Repre- 
sentative colonies on the plates were fished, grown in milk, and stained. 
It was found that the bacteria took the stain very poorly. Various stains 
were tried but with little better success except with Giemsa’s stain which 
differentiated the bacteria and the casein of the milk very well, when 
the culture was grown in milk. But when this stain was applied to the 
butter smears it did not stain the bacteria more successfully than other 
stains. Another possible cause for overlooking bacteria in counting the 
smears is the small size of the usual flora of butter, which consists prin- 
cipally of Bactervwm lactis acid. Neither of these suggestions seems to fully 
explain the discrepant results and further search is being made for the 
reason. In two of the experiments the non-aqueous portion was examined 
for bacteria but none were found. It is realized that the foregoing dis- 
cussion is based on very few data. The main reason for presenting it at 
the present time is in the hope that some suggestion may be received that 
will help to solve the difficulties encountered.”’ 

Miss Northrup reports on her Adams project in the following words: 

“Succeeding the entrance of Ist Lieut. J. F. Morgan into the Medical 
department of the army, I was placed in charge of the soil work in- 
cluding experiments already started. After a year’s work, I am able to 
give the following report of progress. 
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“In the experiment already under way when the problem was turned 
over to me in the spring of 1918 a series of composts consisting of various 
proportions of peat and manure had been made, viz., 50-50; 75-25; and 
90-10 peat and manure respectively including a pile each of peat alone and 
manure alone. These were used on an experimental plot consisting of 
nearly pure sand and sowed with Canada field peas. It was soon noted 
that the plots containing pure (100 per cent) peat first, then in succession 
the mixtures containing the lesser percentages of peat showed the most 
rapid growth, in marked contrast not only to the check (sand) as would 
be expected but to the manure alone. This phenomenon is attributa- 
ble to nothing else but to the water holding capacity of the peat. 
Later experiments have shown this same sequence of events on another 
type of soil with another crop. 

“Bacteriological studies were made of the sandy soil alone and with 
the different additions during the growing period. 

“The peas were picked and.used in a canning experiment. Studies of 
the soil solution from these piles showed a larger percentage of nitrates 
per unit amount of manure in the pile containing the least amount of 
manure. 

_“The concrete compost pit which was described in the 1918 Annual 
Report was completed in July, 1918, and filled with a mixture of peat, 
manure, and rock phosphate with the addition of sufficient liquid manure 
to insure anaerobic conditions as well as to serve as an inoculum. 
Bacteriological and chemical analyses have been made from samples taken 
bi-weekly as a rule except through the winter months. 

“Bacteriological analyses show that large numbers both of aerobic 
and anaerobic cellulose decomposing organisms were present and are on 
the increase. In the aerobic class, which includes not only bacteria but 
actinomycetes and molds the average number now (June 1919) ap- 
proximates 3,000,000 per gram of oven-dry mixtures. The anaerobic 
class also approaches this figure, having increased to this amount from 
an average of about 5,000 per gram of oven-dry mixture. Thus it would 
seem that the cellulose portion of the peat must be undergoing decom- 
position and that the conditions in this pit are not inimical to organ- 
isms of this class. 

“Work with the organisms concerned in the dissolution of rock phos- 
phate shows their presence quite frequently in considerable numbers, 
but at present the known cultural methods are faulty. This is one gen- 
eral drawback to rapid progress along certain lines of soil bacteriologi- 
cal work. Chemical analyses of the material from the pit show that there 
has been roughly an increase of about 8 per cent in the citrate-soluble 
phosporus in a period of nine months. There has been a decrease in 
total phosphorus of about 20 per cent of the original amount present. 
This can be accounted for by the presence of large amounts of citrate- 
soluble phosphorus in the drainage water. If this also is taken into con- 
sideration considerably more than 8 per cent of the citrate-soluble phos- 
phorus has been liberated in the past nine months. 

“As the presence and number of Azotobacter species in soil can be 
determined quite readily by the mannit agar plate method it has been 
possible to enumerate them in this compost with considerable accuracy 
Azotobacter have been found not only in the surface samples but in the 
bottom samples, which have existed for over 9 months under decidedly 
anaerobic conditions. 
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“Other bacteriological tests have been made whose significance is 
not apparent as yet. However, several interesting phenomena have 
occurred which will bear further investigation. It has been found that 
many species of actinomycetes have the power of digesting cellulose 
aerobically and under partial anaerobic conditions also. Assuming 
that the cellulose of peat can be attacked by this group of organisms, 
this may account for the great increase in numbers, at least proportion- 
ately, of the actinomycetes in the different depths of the compost pit. 

“Nothing so far indicates that the nitrogen of the peat -has been at- 
tacked to any extent. 

“At this time (June 1919) the contents of the concrete compost pit 
are being removed and placed under more aerobic conditions in four bins 
eight feet square by three feet high, each bin representing a layer from 
the pit of about two feet deep. Studies of the contents of these bins are 
to be continued to ascertain the change in rate of the microbial decom- 
position, and consequently in the type of microbial flora and the changes 
they bring about. The pit is then to be filled with a similar mixture, 
employing some of the mixture taken out, as the inoculum in place of 
manure. Studies both bacteriological and chemical are to be made of 
this mixture.’ 

Dr. Strafseth makes the following report: 

“The research work on bovine infectious abortion has not progressed 
very rapidly since Mr. I. F. Huddleson enlisted in the army. Shortly 
after the outbreak of the war seven members of this department entered 
the service. This, of course, left the department facing a very difficult 
situation. No one was left to take charge of the problem and to secure 
suitable assistants was almost impossible, as every young man was subject 
to military duty. Through the kind aid of Dr. E. T. Hallman of the De- 
partment of Animal Pathology and Dr. D. J. Lamoureaux, his assistant, 
the maintenance of the experimental herd was made possible. Various 
projects were outlined and the work was progressing smoothly, when Dr. 
Lamoureaux was taken away after a short illness of pneumonia. This 
happened about two weeks after my return from the army. Dr. Lamou- 
reaux had just started to compile his data and I had not yet become fami- 
liar with his work at the time of his death, so I am unable to render any 
report on the results which he obtained. From his outlines, I judge that 
his work was mainly along the same lines as that which I have planned for 
next year. Records of the breeding and blood reactions of the animals in 
our experimental herd were kept which will be of great value to us in the 
future. 

“Our herd now consists of ten cows, eleven heifers, six calves and two 
bulls. 

“The work outlined for next year is as follows: 


1. Determination of the avenue of entrance of the Bact. abortus. 

2. Persistence and localization of same in the animal body. 

3. Mode of dissemination. 

4. Study of concomitant infections to determine their relation ¢0 
infectious abortion and sterility. 

5. Immunization by means of lipo-vaccines. 

6. Finding the better methods for the isolation and cultivation of 


the Bact. abortus. 


EXPERIMENT STATION REPORTS. 239 


“Since my return from the army I have devoted about one-third of 
my time to teaching. Besides that, we have been short of help and the 
research work has, therefore, progressed very slowly, but we hope to do 
better as soon as conditions return to a normal basis. 

“Some experiments have been carried out to see if the Bact. abortus 
will penetrate into the deeper layers of the uterine mucosa and remain in 
localized areas as a latent infection. Our results seem to indicate that 
staphylococci, streptococci and the B. coli communior may do this, but 
we have not found abortion bacilli in any of the cases, which we have 
examined. Material for such work is scarce, so we have not yet been — 
able to examine a sufficient number of genital organs to give us any con- 
clusive data on this subject. 

“The problem of isolation and cultivation has been worked on with 
some promising results. One of the workers of the Department of Animal 
Pathology of the Rockefeller Institute for medical research has described 
an improved method of isolating the Bact. abortus from macerated fetal 
membranes of aborting cows. This method consists in injecting guinea 
pigs intraperitoneally or subcutaneously with high dilutions of the sus- 
pected material and then allowing one month to elapse before making 
the autopsy. At the end of this period the animals are killed and a piece 
of the spleen, about the size of a pea, is cut out and rubbed against an 
agar slant and then pushed down into the water of condensation. The 
tubes are now sealed with sealing wax and incubated for about ten days. 

“We have tried this method with cultures of Bact. abortus and known 
infected milk as well as with milk and tissues from animals which have 
a history and blood reaction indicating that they are free from abor- 
tion disease. It is too early to give a detailed report, but we have found 
the characteristic lesions and obtained cultures of the Bact. abortus in 
those cases where infected material and pure cultures were used as in- 
oculum, whereas the other cases proved negative. Instead of sealing 
the individual tubes, we place them in Novy jars and exhaust the air by 
means of a suction pump. Under such conditions we have obtained good 
growth in five days. 

“Dr. Stanley G. Bandeen, graduate student in the departments of 
pathology and bacteriology, has been working on ‘The relation of the 
bacterial flora of the uterus to that of the meconium of the calf.’ The 
summary of his thesis reads as follows: 

“The twenty four cases (Table II) studied for a comparison of the 
flora of the uterus and meconium showed that the twelve uteri gave cul- - 
tures in 8314 per cent. The uterus contained more organisms than the 
meconium. ‘The meconium was found to be infected with B. coli com- 
munior, staphylococcus and streptococcus. These organisms were also 
found in the uterus. Bact. abortus was found to persist in the uterus for 
twenty eight days. In no case was Bact. abortus found in the meconium. 
In all cases except Case 805A whenever the meconium was infected, the 
uterus was found to harbor the same organism. In some cases the me- 
conium was found to be sterile, while the uterus harbored organisms. 
B. coli and certain cocci were found in the sealed uteri of apparently nor- 
mal cows. The results obtained in this article will be of interest to in- 
vestigators, of white scours of calves, who believe that the calf is infected 
before birth. A large percentage of calves are born with infected meconium. 
The uterus is first infected, probably followed by the fluids and lastly, the 
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meconium. ‘The infection probably reaches the uterus by passing through 
the cervix from the vagina before the seal is formed and persisting there 
throughout pregnancy. 

“During the fiscal year ending June 30, 1919, 145 blood samples have 
been sent to this laboratory to be tested for Bact. abortus anti-bodies. 
The following shows the reactions obtained by the complement-fixation 
test: 96 samples were negative; 41 were positive; 5 gave a partial reaction; 
and 3 were not fit to be tested due to decomposition. 

“Besides the work on abortion a number of specimens have been 
received from various parts of the State for bacteriological examination. 
There are no records showing what was done in that line prior to my 
return from the army. 

“Since February 10, 1919, 19 specimens have been examined. The 
following gives the results of the examinations: 


Hemorrhagic septicemia: 2°. er eee 5 cases 
Pyemic infection “3.2... 3%: SSS Codec Baccara nee 3 cases 
EPUDEICULORIS era: Son PEE or see ee ee a case 
A CGINOIMYCORIS eh ne cree ae ee ees 1 case 
TOC TOUS MAB TILIS.. fo 2. os hee Sere ea ee ee 1 case 
‘Two specimens were tumors and were turned over to Dr. Hallman for 
diagnosis. 


“The six remaining specimens were of such a nature that no diagnosis 
could be made.” 

Aside from our efforts to maintain the pure research problems sup- 
ported by the Adams funds, it has not been possible to accomplish much 
along investigational lines except to give proper attention to routine 
matters and satisfy the demands made upon us by our correspondents. 

Miss Northrup has been able to continue her studies into the nature 
of food decompositions. She has the following report to make on the work 
done by herself and under her direction: 

“Report on Studies of Spoiled Human and Stock Foods for the Fiscal 
Year. 

“A quart can of spoiling corn was brought into the laboratory to 
ascertain if possible the cause of the peculiar type of spoilage. The corn 
in the can appeared to the eye to be undergoing a sort of cellulose de- 
composition. There was no unpleasant odor and the taste was but little 
if any different from that of a good product. The consistency was very 
different, however; the kernels felt rather slimy, the inside portion slip- 
ped out of the seed coat like a grape out of its skin and felt smooth to 
the tongue. On standing gas production was noticed. No bacteria were 
observed in hanging drop. Cultures were made in various media but good 
growth was observed only on starch agar and anaerobically in tubes of 
sterile corn. _An organism was isolated from starch agar and the fol- 
lowing morphological and cultural determinations made. 

Morphology: Short rods in pairs or short chains often appearing like 
a streptococcus, single only occasionally. 

Starch agar slant: 24 hr. very fine, nearly translucent, pale white, round 
colonies; moderate spreading growth. 12 da., very fine beaded growth; 
no starch was decomposed. 

Dextrose agar slant: Round, white individual colonies, larger,than 
on starch agar; growth moderate to abundant. 12 da., very fine beaded 
growth resembling streptococcus colonies, somewhat opalescent, growth 
practically covering the slant. 
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Congo red agar slant: 24 hr., no noticeable growth. 12 da., scarcely 
visible growth along needle tract. 

Litmus lactose bile agar slant: 24 hr. growth doubtful if any. 12 da., 
less growth than on Congo red agar. 


Pork Dextrose broth: 0.5; 24 hr. no growth. 12 da., no growth. 

Potato slant: 24 hr. doubtful if any growth. 12 da., moist growth 
along path of needle, colorless. 

Corn agar slant: 24 hr. growth spreading and abundant. Small white 
dots in the abundant growth seem to be typical of this organism, these 
colonies being confluent and not distinct. Growth pale white and nearly 
translucent. Condensation water is cloudy, white. 12 da., abundant 
growth, translucent, marmorated, slightly opalescent, moist, consider- 
able sediment at bottom of condensation water. 

Lactose broth fermentation tube: 24 hr. no noticeable growth. 

Dextrose broth fermentation tube: 24 hr., no noticeable growth. 12 
da., reinoculated, no growth. 

Saccharose broth fermentation tube: 24 hr. no noticeable growth. 12 
da., a macaroni-like growth in the long arm and dense growth in bulb. 

Sour whey agar slant: 24 hr., growth slight if any. 12 da., growth at 
base of slant scarcely visible. 

Litmus milk: 24 hr., reduction at surface. 12 da., quite strongly acid 
not curded. 

Dunham’s solution: 24 hr., no growth, 12 da., sediment which comes 
up with a swirl, no clouding. 

Nitrate peptone solution: 24 hr., no growth. 12 da., no growth. 

Esculin bile solution: 24 hr., no growth. 12 da., no growth. 

Corn tube: 24 hr., gas formation in bottom of tube. 12 da., gas for- 
mation very pronounced, 

Peas (tube) anaerobic (oil): 24 hr., gas formation abundant and con- 
tinues vigorously. 

String bean tube, anaerobic (oil): 24 hr., clouding of liquid in tube, 
small amount of gas. 

Dextrose gelatin agar slant—0O.5: 24 hr., growth like streptococcus. 
12 da., colonies much smaller than on ordinary dextrose agar; a small 
amount of sediment in condensation water. 

Gelatin stab: 24 hr., no growth. 12 da., no growth. 


“This bacillus is an example of the type of organisms very frequently 
found in spoiling canned foods, 1. e. an organism difficult to isolate on 
account of its peculiar cultural requirements. This organism grows well 
on no medium used except corn agar and sterile corn and peas. This 
peculiarity of certain organisms is very frequently the explanation why 
certain spoiled canned foods are declared sterile or the organisms isolated 
do not show gas production in ordinary media.” 


* * * * * 


“A sample of sausage which had been feeding experiments indicated 
that it was not poisonous at the time and contained no toxin-producing 
organisms.” 
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‘“‘A sample of cottage cheese to which was attributed the serious ill- 
ness of several people was examined for B. botulinus; also feeding experi- 
ments were performed with it. The animals fed did not become sick, but 
after considerable difficulty and delay an organism resembling B. botulinus 
morphologically and culturally was isolated from the cheese. Its toxin 
production has not been determined. 


* * * ok * 


“March 22, 1918, five cultures of B. botulinus were added to No. 2, 
cans of asparagus, string beans, beets, carrots, corn, peas, and tomatoes 
which were then sealed and heated in the hot water bath for the time pre- 
scribed for processing each product in the U. 8. Dept. of Agriculture re- 
cipes. In July 1918, these were opened, shake cultures were made of each 
. into gelatin agar and resealed but not reheated. These cultures were 
examined from time to time for evidences of growth and presence of B. 
hotulinus. In only 5 out of the total of 31 cans inoculated was growth 
absent. 6b. botulinus was not observed in the culture from any can. 
Seven months after the cans were opened (11 months after they were 
inoculated and heated) five cans showed evidences of either a swell, leak, 
or swell and leak combined, three of peas, and one each of carrots, and 
beets. Microscopic examination of the juice from these cans showed a 
few very poorly staining rods in the beets, long-chained streptococci and a 
few rods in the carrots, cocci in one can of peas, rods in the other two. In 
one can of peas these rods contained polar spores resembling B. botulinus 
very closely. Subcultures from each can into a medium favoring B. 
botulinus showed nothing with four of the cans. The remaining one which 
proved to be the one typical microscopically was found to contain B. 
botulinus in a living condition.. 

“An article by Bovie and Bronfenbrenner* contains a graph which 
explains why resistant spore-forming organisms survive the processing in 
canning. The middle of the can contents reaches the maximum tem- 
perature but for a few minutes. 


* * Bs * * 


“Miss Ruth Normington, a graduate student assistant in this depart- 
ment has been working largely under my direction this past year and 
has just completed a most satisfactory master’s thesis entitled, ‘Studies 
in the Heat Resistant Organisms of Cold Packed Canned Peas’. This will 
be published in the near future. 

“The Journal of Bacteriology is publishing an article by myself and 
Ruth Normington entitled, ‘The influence of Various Chemical and Physi- 
cal Agencies upon Bacillus botulinus and its spores. J. Resistance to Salt.’ 

“At the 1919 meeting of the Michigan Academy of Science an article 
was read entitled ‘The Relation of B. botulznus to certain phases of home 
economics and agriculture’. This will be published in the annual report 
of this society. 


k * *k *k *k 


“Kleven samples of silage, one of hay and one of dry stock food which 
had caused forage poisoning in live stock were sent to this laboratory for 
analysis. Six samples of silage representing silage from all but one source 


*W. T. Bovie and J. Bronfenbrener, Studies on Canning, An Apparatus for Measuring the Rate of Heat Penetration, Juor,. 
Tnd, & Eng, Chem, Vol, 11, No, 6, June 1919, pp. 568-570. 
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contained an organism resembling Bb. botulinus morphologically and 
culturally, and the toxin from the culture isolated from one of these 
samples of silage resulted in the death of the experimental animals used. 
The toxin producing power of the other cultures has not definitely been 
determined. The sample of hay also contained organisms of this type, 
while those isolated from the dry feed were doubtful. 

“The fact that so many samples of questionable silage were sent in for 
analysis seems to suggest that forage poisoning from this source is more 
common than has been heretofore supposed. The findings at this experi- 
ment station in so far as they go, correspond very closely to those obtained 
in the Kentucky and Illinois Experiment Stations. Indications are 
that forage poisoning is fairly common in this state. Because of this fact 
its more thorough study at this Experiment Station should not be dis- 
regarded, now that the ‘ice is broken’ by the other Stations named 
and work in a small way has been done here. This is a type of research 
requiring a very considerable amount of time, which has not been available 
this past year. 

“Cultures of B. botulinus are continually being sent out to various 
laboratories and experiment stations for use in research on the various 
problems mentioned in this report. 

“It is suggested that Michigan be second only to California in sup- 
porting an organization resembling her ‘Botulism Research of the State 
Council of Defense.’ ”’ 


REPORT OF VINEGAR INVESTIGATIONS. 


“After the resignation of Mr. C. W. Brown December 1917, the vinegar 
studies were turned over to me but as instructional duties occupied prac- 
tically all of my time, during the winter and spring terms, these studies 
were not continued until summer (1918). At this time, analyses were 
made of 28 barrels of cider which had been made by the Horticulture 
Department in the fall of 1917 and placed in cold storage. Eleven of 
these which had been removed later to the Bacteriological Department 
barn, were analyzed by Mr. Brown, October 19, 1917, with the following 
results: 


{ 
Percent acid Percent 
Bdl. No. as acetic. alcohol 
by wt 

Ore (Pia. 283-76 
0.45 3.33 
0.45 3.29 
0.45 4.12 
2.9 2.67 
10.45 4.36 
0.6 5.65 
~ at 6.05 
0.55 5.49 
LOM gnats. 0.40 4.48 
: Tie Ae £0.55 4.60 


“Sugar was present in all samples. Barrels 1, 2 and 3 were marked 
with a negative sign, which means that there was so low a percentage of al- 
cohol and sugar left that market standard vinegar (4 per cent acetic acid), 
could not be made. Barrels 4, 5, 6, 10 and 11 were marked with a question 
mark signifying that although there is actually enough alcohol present to 
make market standard vinegar, the margin is so low as to make the ulti- 
mate results doubtful. 
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“Barrels 7, 8 and 9 were passed as fully capable of forming sufficient 
acidity. ‘The remaining barrels were removed from cold storage to the 
barn in July 1918. Analyses of certain of these and of the former barrels 
ollows: 


2 3 3B: 
3 ee 23 
Date, S est Date 28 Date, 
1918 2 25 1918. ei opeee |mLolee Date. a 

om od ae : rS} ens) 2 rs} = 

£/ 53] Ss 5 d@ |°S |gas re see Deas We 

Sale sl aoe 3 5S, saul Sears ‘3S ‘S 3 & 

| A AY wl <= = |Q = <= = a 
9-30. ile) Ha (DAC2) eee sen aricc copo ce by fio EG BaGeicdl baceao| aaacpeool oonoce 1-31-19 empty asec core 
7-26.... Oe, 2.5 = ESTO WD 3 Poel lasande 11-27 2.0 1-31-19 (3 Bambara! cede 
8-5. 536% 3 1.6 746) Cee BI SOORO org ococaees beoes Goeeaal saeco Paeedsad senpes] Goeacocous) BAseasl tSocnol ssoce. 
§-21....| 7 1.1 | 22.91* = 51 Del ie betel GAS! aSetaal Gabmnard Geaeee Heeaaocosol Mesnon docnbel bacsos 
7-24....| 10 0.6 5.03 - DIED Tei Nope sicterere ol ete tetarees lee eeios 1-31-19 Dewallvasretetl eee 
7-19). 5..] 11 See LOnelehocm comes 8-22 | 0.9 | 5.95 |...... CEU Sea as) Seen sadan teams 4| Kanahal benhog 
7-94 21 38\| 0.75 +4 | 930 | 49 11-97 | g.7)| (1-Ole18 [58.8 reo. .a|b-e 2 

meee iele ‘ 5a caste tee |g oO wal AO Blaeencen| eon ce 2 5-20-19 aw paws og 
~, -31-1 1 AS) Ba Sad (Seana 

(—26....) 13 0.7 0.32 O30 REO. Sar eee 11-27 1.8 5-20-19 | 0.6 | 1.09 a 
7-26....| 14 eve 0.67 + - + Es (i ey fl Ineo! GaenoGl Rereaemeal SamGoal hae, pod ooel Saeasel cu oballacaose 
1-31-18 5 iy: Sead laacaoe 

B22 aon) a0 Sal aoe DOUe | atetaetasere cs ti Nal MHEG) Saneoolisecooe 11-27 1.6 | \5-20-19 | 0.8 | 3.48 — 
1-31-18 i el po bodea boseac 

7-24....] 16 2.1 1.59 _ Us WEN lal cereal AS oan tw eedctaces 4.4 5-20-19 7.5 | 2.47 + 
7-26....| 17 0.6 4.5 i 8 Hogaprod| acc) naman bedeae | dmacecael janeec becoascoal Sanaad| Garsou) bachnc 

1-31-18 | 2.2 

8-5.A5< 18 0.9} 3.26 = O30 eS ere syas 9-3 | 11-27 3.6 5-20-19 1.4 | 4.02 _- 
8-7... 19 0.4 3.38 _ 8-22 | 0.6 | 5.15 8-21 0.9 9-30-18 UCD | Sete dal aS otic 
8-7..... 20} 0.5 | 13.98 Ce ieee ceincte, 2) aero! Ieeocre 8-21] 9-6 2.4] 9-30-18 | 3.0 ]......]...... 
Sa Taciects 21} 3.1 Up — 8-22 | 2.0] 6.28 | 9-3 |........]...... 9-30-18 | 6.9 |......|...... 
8=Tisosie 22 0.5 8.54 > | Beano ban eon Gagdoc al eons Seen ah 9-30-18 WEI Baaqes| canous 
8-8 eesa 23 2.8 AD ees Ol ee atiaacl noon leepet 8-21]. 9.6 3.9 9-30-18 OAs Baceeal laceace 
8-8..... 24) 0.6 7.93 - 8-22 | 1.0 | 4.26 atin asin Db anoon 9-30-18 ier | Rodoad laoasos 
8-8..... 25 1 J a ly fer ad Caen Nec eicr Isanet| enn os| bcoan) Gnometicn sspbaol lp adeacond] locdeca Gonaicl lobas0s 
S=8e Ss 26 1.0 | 13.74 - 8-22 | 2.2 | 4.58 Lal peaceandl moor 9-30-18) | 4202 |e secs orate 
8-9..... 27 | 0.6] 6.07 eB oneiatel orn) BOO AnS| Rcbsan| Motsanes Gobonal eps acdan| aetaan lmaocoslloous. 
8&-9..... 28 OF 751) 20516 Sag idaoran badaa tesena losecou bcieonsa osuade 9-30-18 Ua 48 |SApacellooneac 
8-9..... 29 0.5 | 10.5 | Bp ceones| seiosol arotec 8-21} 9-6 0.8 | 9-30-18 DL Severe ral iene 
8-10....| 30 a fea lee Paar _ 8-22 | 0.6 | 3.26 Qa 3 iN atetre coteil senor 9-30-18 CIM erties! oor 
8-9..... 31 0.6 8.1 + - 8-21 | 1.5 | 4.14 ESN Seas ecient 9-BO0=18 al R45 keel | ac eislece 
8-10....} 32 0.6 8.02 Cee | noe mee bacrs| btrorec 8-21) 9-6 0.6 O-SO-=18 a OLDIE .cice\ Stemictee 
8-10....} 33 0.7 8.5 - 8-21 | 0.5 | 5.36 9-3 9-30 1 58) ese nate ateasrral ezclssc 

(ei Ere ke Sl Matera Ieee ose.o| roSraoecicnl GO DOsee) eecaal loneaes | bacabol buccercalloaacac 5-20-19 0.87] 2.86 = 
(bet Be RCO I et Lo ae er fe eel eae een eres | be aioe Pea mal orc laaaadl Hbobadenodl Menadd boeooa laced 
8-21....} 34 0.9 Liye) Aha laa cemceaae (eo 1)5 Roe Sol Ree | MAeoel Manes Gaeres GBonacoobe barkcas|Godcna looses 
8-21....1 35 0.7 MOBI ||rcaeectons as Ji a ber Ie ena Gn ahicd| Geaonc| Hepiscanterl cecec| Odoceel otonc 

11-2....] 40 1.8 2.5 ++ P1292 LOM LAGom pl — 2 se cereal everett 5-20-19 0.9 | 4.90 + 

11-2....| 41 0.9 1.6 + 298 etal) DESO) Md 2S lee mvs | cence 5-20-19 0.5 | 4.22 + 

11-2....] 42 0.9 1.6 + JIR=29 16 cee a Ns eee sedcul lassudc 5-20-19 2.5 | 2.46 + 
5-20....| 43 0.2 3.14 > eee SCAARAdl Sena SoUAcal Kancoc boaccros| ndosod) mapdnbaeaa Adena becdecl oososc 
5-20....} 45 0.7 4.65 SPM an ooianoa| (eiocs Maca tecpual Gat oretal Gescahl Coeeacsed cl baeeas Goncnalliacsoc 


*Probably a mistake in calculations. : : Ae: 
{The highly acid vinegar had been removed in the fall and replaced with new cider. This is evidently a poor practice. 


“By comparing these data it will be seen that the acid and alcohol 
content of the different barrels of cider fluctuated considerably, but more 
often steadily but slowly decreased over a period of months. 

“Only seven out of the thirty-seven barrels studied attained mar- 
ket standard acidity. These were barrels Nos. 12, 16, 17, 21, 23, 26, and 
31. Of these barrels, Nos. 12, 16, 17 still contained Bact. aceti in sufficient 
numbers even after several months sojourn in cold storage so that in- 
oculation was unnecessary. The contents of by far the greater number of 
barrels, however, were so injured by the microbial processes which took 
place at the low temperature that only four out of sixteen barrels inoculated 
with Bact. acett were in a proper condition to form market standard 
vinegar after inoculation. It is thus quite evident that it is not an eco- 
nomic proposition to place sweet cider immediately, or at any time for 
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that matter for any length of time, at a cold or even a cool temperature if 
it is to be made into vinegar. The best temperature to maintain through- 
out the vinegar fermentation process is about 75 degrees Fahr. 

“The contents of certain of the above barrels at the first analysis did 
not contain sufficient acid, nor enough alcohol, to raise the percentage of 
acidity up to market standard so an experiment was undertaken in a 
small way to determine whether the addition of sugar and inoculation 
with Sacch. ellipsoideus would have any effect in raising the percentage 
of alcohol and consequently acid. Five hundred cubic centimeters of 
each sample were treated as follows and inoculated with Sacch. ellipsoideus _ 


Sugar added. | 


Percent 
Barrel Number. Later additions. Acidity 
Amt. Kind. 2 months 
ce. afterward. 
Dee ese oe arse Gee ee weiaiceoeiee = 50 | Karo..... LOO CG? Karo; esse iesn ten cco ete coe ee 2.0 
Dae rak tia 0 « see date cis ole 8 Axi ajs vie Salee'e o5.e eee 50 | Karo..... LOO Ceara 2205 Miser fae non ec ences 4.8 
NOS ore cpa Soe Dern eae tute See te vere 50 | Karo..... 100 cc. Karo.... 100 ce. Duff’s molasses 2k 
ee See eer eee Nee meee ee esteio te eeaels 50 | Karo..... 100 ,oc> Karos- se coe soec on cscs cee eee 3.9 
NG Somcincccmieecis connie paleleerewea emis 50 | Karo . 10D ces Karon. cis ssc ceeccec shencsie ce cleces 5.2 
Eee orc raw oa nice sale ae Ooo le Tewer et 50 | Karo..... LOO ce: Karan eae ee ens tcincs cnienee ies 4.5 
DRE tee Seniaie ete eee seeds ce evisteesle.e 50 | Karo..... 100 ce. Karo eee eat cose meen oaciene 4.2 


Karo was used on account of the sugar shortage. If no fermentation was 
noted in the course of a few days, other additions of sugar were made. If 
these results are any indication of those which would have been obtained 
had sugar in some form been added to the contents of the several barrels, 
then the addition of these amounts of sugar would have assisted consider- 
ably in the case of barrels Nos. 3 and 13, and greatly with barrels, Nos. 
14, 19, and 28, while it would have been unnecessary with barrels Nos. 
12 and 16. Unfortunately it is difficult to predict exactly just what will 
happen in the barrel but if these few experiments can be taken at their 
face value then the addition of sugar to weak vinegar followed by inocula- 
tion with the desirable yeast®is, to§$ bel recommended under; similar cir- 
cumstances. 

“Honey vinegar of most excellent quality and high acidity has been 
made by Prof. R. H. Pettit of the Entomological Division of this station 
by diluting the honey, adding small amounts of peptone and potassium 
phosphate for additional nutriment and inoculating with pure cultures of 
Sacch. ellipsoideus and Bact. aceti?. The elements contained in the chemicals 
above named are very necessary for the rapid development of the yeast 
but as they are not only hard to obtain in this form but expensive, ex- 
periments have been carried out using a number of different combinations 
of these same elements in a form which can be obtained readily and with 
small expense at any drug store, comparing these results with those ob- 
tained from the use of the more expensive ones. 


“The following formulae were used: 


I II 


0.00 c.c. diluted honey 250.00 c.c. diluted honey 
0.20 gm. KH2PO, 0.50 em. peptone 
0.025 gm. MgSO, 


25 
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III IV 
250.00 c.c. diluted honey 250.00 c.c. diluted honey 
0.20 gm. KH2PO, 0.20 gm. KHePO, 
0.50 gm. Liebig’s meat extract 
V VI 
250.00 ¢.c. diluted honey 250.00 ¢.c. diluted honey 
0.025 gm. (CHOHCOON H,)s 0.20 gm. KH2PO, 
0.20 gm. KH2.PO, 0.30 gm. asparagin 
VII VLE 
250.00 ¢c.c. diluted honey 250.00 e.c. diluted honey 
0.40 gm. (CHOHCOOK), 0.40 gm. (CHOHCOOK), 
0.025 gm. (NHy,)3PO, 0.25 gm. (N H4)3PO4 
Trace of peptone 
IX x 
250.00 ¢.c. diluted honey 250.00 e.c. diluted honey 
0.25 gm. NH,Cl 0.25 gm. KH,PO, 
0.125 gm. NaH.PO, 0.25 gm. NH,Cl 


0.125 gm. KHCO; 
(From Arizona Bul. 60) 


MAXIMUM ACIDITY OBTAINED. 


| rc Percent 


Flask. I | Il Ill IV V VI VII | VIII | IX x sugar. 
Percent acid asacetic...............--- ATT | ht4250 |" 24" O02 22 905 bs On | eee Oa eal eorS - Se 
** 
These cultures were less than 3 mo old. . . 125 300 4.0 15 2.4 3.0 2.7 2.3 NEES et) 10 
** 
holed 1.6 1083 1.8 6.4 0.7 Ber) 4.8 1.6 6.0 | 15 
{ 


*These solutions were not tried the first time. 
**Contaminated with mold. 
***Flask broken. 


“From the above results, the combination represented in flask VIII 
is suggested as available for general use with honey diluted to 15 per cent 
sugar. 

“A small experiment was carried out using maple syrup diluted to 
15 and also to 10 per cent of sugar, sterilized and inoculated with no ad- 
ditions of chemicals. The alcoholic fermentation did not progress very 
rapidly so a small amount of nitrogen was added in the form of 0.5 c.c. of 
egg white which had been removed aseptically. The flasks to which 
this was added showed a marked increase in fermentation over the ones 
to which nothing at all had been added. This suggests that the addition 
of a part of the white of an egg might be desirable as a source of nitrogen 
easily available, not only to the yeast as food, but to the farmer instead 
of the more expensive chemicals. Further experiments along this line 
are suggested. 
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“Different combinations of diluted maple syrup with various chemicals 
were also tried out. The following combinations were made and added to 
250 e.c. maple syrup diluted to 15 per cent sugar. 


I II 
0.05 gm. (NH,)2SO, 0.1 c.c. egg white 
0.05 gm. NaHePO, 0.05 gm. NaHePO, 
0.05 gm. Rochelle salts 0.05 gm. Rochelle salts 
PER LY. 
0.20 gm. beef extract 0.05 gm. ee 
0.05 gm. NaH.PO, 0.05 gm. Rochelle salts 
0.05 gm. Rochelle salts 
AVE VI 
0.1 c.c. egg white 0.01 gm. (NH,)2HPO, 
0.01 gm. (NH,)2HPO, 0.02 gm. Rochelle salts 
0.02 gm. Rochelle salts 
VII Vill 
0.01 gm. NH,Cl 0.01 gm. NH,Cl 
0.01 gm. NasHPO, 0.05 gm. NaH2PO, 
0.05 gm. Rochelle salts 
IX xX 
O21 gm. (N H,)2S0O, 0.1 gm. (NH,)2SO, 
0.1 gm. NaHePO, 0.1 gm. NaH2PO, 
0.05 gm. KNO; 
“The flasks which had been inoculated in January 1919 with Sacch. 
ellipsoideus were inoculated March 15th with Bact. acetz. 
PER CENT ACETIC ACID. 
TATED Sea a eee a a ey I II IIT IV Vv 
ZeX OF Na a tae aes eae Pt ALE a b a b a a b a b 
O55: | 0240120. 7 1.068. HOS. 1 0144 |-2.9-))1.4-4, 0,2 0.3 
REVIT! ST, Soraya. Sk AO: 16: | 15H 421 PO Or6il).t. 5402.3"! 2:5. | 1.3 
see Soe me Ce oes VI Vil VIII iP.¢ x 
PANIED ed Ole casnaiee tus tsi eneesna) cs Gikeuevspaies oa aes ats = b a b a b a | b 
0:21 0.3;| 0.2-| 0.3, | 0:2 | 0.4 | 1.2 | 0.3 |.0.3 | 0. 
MEAVeOO Sats het Ss oc 1.4/0.8]1.5 | 0.6] 1.0] 4.5 | 0.8] 4.0 | 5.0 | 4.2 


“This suggests that the addition of certain chemicals as yeast food 
will greatly hasten the acetic fermentation. The combination in solution 
X is recommended for general use. 

“A short experiment was carried out in the use of waste tomatoes for 
vinegar making. It was found that fully ripe tomatoes lend themselves 
best to this fermentation process. The tomatoes were washed, blanched, 
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cold dipped and the skins removed, sliced two or three times, put in an 
agate-ware pail and heated to the boiling point for a few minutes to extract 
the juice (no water is added), then strained through clean cheesecloth. The 
juice so obtained was used alone and with 10, 20,30 and 40 per cent ad- 
ditions of Karo, inoculting it in each case with a pure culture of Sacch. 
ellipsoideus, later with Bact. acetc with the following results. 


PER CENT ACETIC ACID. 


Juice plus Karo. 


ARI P ENO A bielGabp DO 060 OOOO dima dun Gig cold Pomme 10% 20% | 30% 40% 


OSD escalate oho east onore eed cicada ieiate ire ab sean olishepetet ate tenste Broken 4.1 yates 3.9 


“Twelve days after inoculation with- Bact. aceti, in all three weeks after 
inoculation with the wine yeast, practically market standard vinegar waS | 
made in every case where sugar had been added. This vinegar is of good 
quality and has the tomato flavor making it particularly desirable in 
certain types of salads. Tomatoes unsuited for canning can thus be 
utilized to advantage. It is particularly advisable to pasteurize 
this type of vinegar when it reaches its highest acidity as it still contains 
considerable food material and microorganisms which will attack it and 
ultimately destroy the acid. 

“Another experiment was conducted to ascertain the various con- 
centrations of cider under which the vinegar fermentation organisms 
will work. The data are incomplete but the results so far obtained sug- 
gest strongly first that cider for vinegar-making will not bear much di- 
lution* and that cider which has been boiled down to half of its original 
volume still can undergo the various stages of the vinegar fermentation. 
When boiled down to a third and to a fourth of its original volume, the 
cider would not undergo fermentation. 

“Whey vinegar was also attempted in an effort to ascertain whether 
this would be.a practicable method of conserving the whey from Cheddar 
cheese making. The suggestion was obtained from an article on ‘Vinegar 
of Milk’ found in a French periodical. This article suggested that it was 
practical only to add sugar or to evaporate the whey down to half its ori- 
ginal volume as only about 5 per cent of lactose (milk sugar) is present. 
The flasks inoculated February 18, 1919 with a lactose-fermenting yeast 
were inoculated with Bact. acetz April 11th. 

“The table following shows the results in brief: 


Per cent Per cent 
Flask alcohol acid 
April 10, 1919. | May 24, 1919. 

I NM Eo Sea Oe Het Co Sate Ks Derchoscichp Uh Gin Pf exci are 2.90 2.2 

Il Concentrated awiheyins cite crore ore to ictate oieacteiele hel atelete ss 4.06 2.5 
Sit VViNeV aD LIS > SopSILCLOSOlseccie Mists euctereacieeenemeie date tofiotale ro leiieie 6.11 3.8 
TiVinl | eWihey, plusis 7 dextroser meas ce a eco ceneteniors 4.30 . Sur 
V- | Whey plus 5.% lactose... 0 ew oe oie se elie ely 4.95 Ae 


_ *Later I found that these results coincide with those of B.T. P. Barker of the National Fruit and Cider Institute of 
Bristol, Englend. 
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“During the alcoholic fermentation the colloids which make the whey 
cloudy are separated out and after inoculation with Bact. aceti when a con- 
- siderable amount of acid is present, the whey becomes very clear and is 
of a light straw color. The taste of whey vinegar resembles that of 
whey soured by Bact. bulgaricum and is not wholly pleasant to my taste 
at least. It is quite evident that the addition of sugar is necessary, 
and whether under these circumstances the manufacture of whey vinegar 
would be of economic value is a question. 

“Pure cultures for vinegar making were instituted in 1910 at this 
laboratory. However, the August 1918 quarterly bulletin contained 
the first advertisement put out for some time, that the College Bacterio- 
logical Laboratory could furnish such pure cultures. That there was a 
call for some such thing to make vinegar-making successful is evidenced 
by the orders for cultures. At first the yeast and bacteria necessary 
for the vinegar fermentation were sent out in a combined culture, for 
twenty-five cents a culture, but experience has proven that in reality the 
so-called vinegar fermentation is two successive fermentations, the second 
depending on the first, and the organisms (yeasts) of the first stage of 
the vinegar process were hindered in their activities, often checked en- 
tirely even by the presence of the vinegar bacteria and their products. 
Consequently it was considered a wise step not to continue sending out 
mixed cultures, so beginning with the year 1919, the wine yeast and vine- 
gar bacteria were sent out separately for twenty five cents per culture. 

“The following is the report of vinegar cultures sent out from August 20, 
1918 to June 25, 1919 inclusive. 


Mixed 
cultures. Sacch. ellipsoideus. Bact. aceti. Total. 
132 16 31 179 


“As yet a very few reports have been received from those using pure 
ertares, some are favorable and others are unfavorable as would be ex- 
pected. 

“Thirty analyses were made of cider or of vinegars which were not 
attaining sufficient acidity, and upon the results of these analyses, ad- 
vice was given for treatment. The table showing these results follows: 
(The Hort. Dept. vinegar is not included in these results). 
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“An increasing number of requests for information concerning vinegar 
making and vinegar ‘bees’ is being received from people both within and 
without the state. Correspondence has been carried on with several 
people in Iowa, Ilhnois, North Dakota, New York, and Nebraska, and 
vinegar cultures have been sent to one or more people in each of these 
states. So many requests for information or cultures were received form 
Iowa that the suggestion was made that perhaps their own state Agricul- 
tural College Bacteriological Laboratory could fill their needs more satis- 
factorily. Shortly afterwards a request was received from the Iowa State 
College Bacteriological Laboratory for pure cultures of Sacch. ellipsoideus 
and Bact. acett. These were sent gratis. 

“One firm sent a request for a sample yeast culture, pemucenae quota- 
tions on quantities, to furnish its patrons along with apple cider so that 
they might make their own apple wine—a practice which is allowed in 
their state. A culture was sent with the suggestion that they employ 
some one to propagate it if desired. 

“Practically all of these requests for information or cultures call for 
a letter of explanation and as many of these letters have to be quite 
lengthy and a repetition of one another more or less, it seemed that a 
popular bulletin on vinegar-making as it applies to farm conditions would 
meet the increasing demand. Such a bulletin has been prepared. 

Mr. Ruehle has devoted a portion of his time to other matters than 
his main project discussed elsewhere in this report. He was under the 
necessity of teaching the classes in dairy bacteriology because of the 
absence of Mr. Cooledge with the A. E. F. He reports on this work as 
follows: 

“The work of a popular nature consisted in (a) monthly analyses, 
grading and inspection of the East Lansing milk supply, (b) answering 
numerous letters of inquiry, (c) making analyses of dairy products from 
dairies having various kinds of troubles as follows: 

‘““(1) Sediment and bacteriological tests of the milk as delivered to Wells, 
Abbott, and Williams Halls, when they were used as military barracks. 
The results were reported to the medical officers in charge of sanitation. 

‘“(2) Ten samples of unsweetened evaporated milk were examined at 
various times for sterility. All were found sterile. 

“(3) Three chemical analyses of solutions of chloride of lime used by a 
dairy for keeping the rubber parts of a milking machine sterile. Two were 
found to contain only the merest tract of available chlorine, while the third 
contained a satisfactory amount. 

“(4) Two samples of milk brought to the laboratory by students 
at boarding houses in East Lansing. The first, examined during the 
winter, contained 3,200.00 bacteria per cubic centimeter mostly of the 
lactic type. The second, received in June 1919, contained many millions 
as shown by a microscopic examination. There was a mixed flora present. 

“(5) Two cases of bitter milk fermentation were reported by dairy 
farmers. In both cases, analyses of the milk showed the presence of 
liquefying organisms which, when inoculated into sterile milk, pro- 
duced a bitter flavor, identical with the original trouble. 

‘‘(6) Two samples of cow’s milk were analyzed for butter fat for farmers 
by the Babcock method and a sample of human milk was tested for fat 
and solids. 

“(7) Samples of milk from a farmer who was having trouble with 
slimy milk, which developed after the milk was drawn were sent to the 
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laboratory,for analysis. At*the present writing a very short rod-shaped 
organism has been isolated; which produces a sliminess when inoculated 
into sterile milk tubes. The farmer has been advised to thoroughly sterilize 
all his utensils and to avoid getting any water into the milk during cooling. 
It is not known whether the instructions are being carried out. 

““(8) Considerable investigation has been made of a serious trouble in 
a dried milk plant. The trouble consists of excessive foaming of the 
separated milk and of subsequent burning on the coils of the vacuum pan. 
The trouble is still being investigated and the partial results secured 
should not be reported at the present time.” 

Research Assistant C. G. Nobles returned and resumed his work in Jan- 
uary of this year, but resigned April Ist to engage in farming in New York 
state. He was a good worker and carried on his investigations and routine 
duties faithfully at all times. We were fortunate in procuring immediately 
the services of Dr. Robert M. Snyder to carry on the project without any 
halt or delay. Dr. Snyder reports as follows: 

“The work with the symbiotic and non-symbiotic nitrogen fixing 
organisms has been conducted by Mr. Charles G. Nobles up until April 
first of this year. The research carried on by Mr. Nobles concerned it- 
self primarily with the influence of soil type and soil fertility on nodule 
formation. This work is being continued now after an unavoidable 
interruption due to the war. Field studies have been outlined for this 
summer which will, it is hoped throw further light on this problem. 
During the coming year nitrogen fixation studies will be undertaken in 
connection with Adams project 2c. 

“Only a few reports on legume inoculation have been received this 
past year from farmers and others to whom cultures have been sent. 
In order that more information as to the exact measure of success at- 
tending the inoculation of certain legumes may be obtained, it seems 
desirable that those using cultures be more forcibly impressed with their 
obligation to report the results. Efforts will be made to obtain this infor- 
mation through county agents, and by circulars sent to the farmers at the 
close of the year.” 


CULTURES SENT OUT FROM JULY 1, 1918, TO JULY 1, 1919. 


TALES) Sus Resi) AC. We. |-F:. Bai) 8. Be |(GsBai-S Ps CSP. V.. G. B.)|Fotal: 


Tuly eee eek at 266 eee Oss TIE Bil eeceltc, os Ween neve ae eee 379 
Ta a pe eee Bera habe oN leva lan Dale al aly cp dl lapel eee lemo@s foias, (beau) Bal 
September............. Gi meri (ea v7a |e ta ||| seen IN P| ope ance |e ase 
October to March...... 509 245 seed ame) cae lee | a Pl ae fae 
nn eee Coe. ee 1,563 | 562| 317) 38|....... 3] 67) 3] 132) 6| 62| 8| 2,761 
Rayna eae 65 | 164} 39/ of 3| 15] 633| 5| 41} 16] 20| 3 | 1,643 
Sumac. te reece, 609 | 51 Ey [ied Ss ea eee ee 

Motel won et. 4,036 | 1,081 | 633| 89} 4| 95|1,097] 8| 193| 52] 396] 14 | 7,688 


*Alf., alfalfa; S. C., sweet clover; R. C., red clover; A. C., alsike clover; W. C., white clover; F. B., field bean; 8. B., 
soy bean; G. B., garden bean; F. P., field pea; C. P., cow pea; V., Vetch; G. P., garden pea. 
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Assistant Bacteriologist F. W. Fabian has had very little time to 
devote to experimental work during the year. He did not leave the 
army until the close of 1918 and has been overburdened with classroom 
work since. He reports as follows: 

“Work was started in June in conjunction with Mr. G. L. A. Ruehle 
on a comparison of three different methods of titrating bacterological 
culture media with a view of determining which was best suited to labora- 
tory routine and which method would give the most uniform and correct 
results when samples of water obtained from different sources were used. 
The hydron ion concentration was also determined for each sample of 
water and likewise for each kind of media titrated.” 

Each year we are called upon to make a number of analyses of water 
samples from the rural sections of the State. Mr. W. L. Mallmann has 
interested himself in that work during the past year and reports in sum- 
mary: 

“During the past year, 120 samples of water were tested from various 
parts of the State. Fifty-five of these samples were from rural districts 
The greater portion of the samples were taken from open shallow wells or 
shallow driven wells. Unfortunately, data concerning the well and its 
surroundings did not always accompany each sample nor was information 
always received through later correspondence. The data if obtained 
would probably give some interesting information. 

“Of the 55 samples from rural districts 16 were pronounced unfit for 
domestic use without boiling. This number is not high, considering the 
fact that all the samples received were suspected of pollution. 

“At intervals the College and East Lansing water supplies have been 
examined. Every test showed the water to be free from any contamina- 
tion. 

“During the winter, a survey of the septic tanks installed by the College 
was made by the Farm Mechanics Department. Working in cooperation 
with them, samples of well water collected at the farms visited were ob- 
tained and shipped to the laboratory. In all 18 samples were tested. 
Five samples were obtained from deep wells. None of these showed pollu- 
tion. The remaining 13 samples were obtained from shallow driven or 
open wells. Four of these wells showed decided pollution, the count 
running as high as 140,000 bacteria per e.c. The other samples did not 
show any colon organisms but showed a high count. Most shallow wells 
show a high bacterial count due to the surface water entering the well.” 

In conclusion I wish to commend highly the members of the depart- 
mental staff for the past year for their loyalty and devotion to their prob- 
lems under exceptional circumstances, to thank you for your patient and 
kindly attitude at all times toward our work and to express the hope that 
not only may our staff be restored to its full quota, but that more men 
and funds may be made available forthe many important problems discussed 
in this report. 

Respectfully, 
WARD GILTNER, 
Bacteriologist. 
Kast Lansing, June 30, 1919. 
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REPORT OF THE BOTANICAL SECTION. 


Dean R. 8. Shaw, College. 

Dear Dean Shaw—I wish to make the following report for the work 
of the Botannical Section for the year ending June 30, 1919. 

The chief work of the section has been along the lines of Plant Physiology 
and Plant Pathology, respectivaly under Dr. R. P. Hibbard and Dr. G. H. 
Coons, whose reports are appended herewith as part of my report. 

Owing to war conditions, Dr. G. H. Coons devoted less time to his 
Adams project inasmuch as the results to be obtained from that would not 
be so easily and immediately applicable to agricultural practices. He 
devoted a portion of his time to work with the War Board of Plant Path- 
ologists, a body consisting of pathologists chosen from all over the United 
States and Canada for the purpose of collaborating in the investigation 
and demonstration of plant disease control, so that the most important 
problems should be emphasized and the less important ones passed by 
until the war should be over. 

The work of this Board was of very great value inasmuch as it made 
possible the much closer cooperation of the Plant Pathologists of the 
different states in the investigation of smut control methods, potato 
diseases, etc. 

Mr. H. C. Young began the investigation of a very important project 
on plant nutrition, but had to suspend the work in order to enter the 
United States Army, from which he expects soon to be released. 

Owing to necessity of outside war work in teaching 8. A. T. C. classes 
and on account of the reduced teaching force, I was unable to continue 
with my experiments on electrical determination of viability of seeds. 

On account of the war the U. 8. Department of Agriculture and the 
Heinz Pickle Company thought it unwise to renew their cooperative 
agreement with this Experiment Station regarding pickle diseases, in 
particular cucumber mosaic. I have been carrying on some experiments 
on this subject throughout the winter and spring, but have been sadly 
handicapped by inadequate greenhouse facilities, for these investigations 
require living plants as a disease cannot be studied except in actively 
growing plants. The causal organism is not known and has never been 
grown outside of its host. The investigation has a wider value than the 
cucumber crop merely, for other plants are badly reduced in their yield 
by similar mosaic diseases which may or may not be caused by the same 
pathogene. These plants are potato, tomato, bean, soy bean, clover, 
tobacco, etc. Of these the potato mosaic threatens to become a very 
serious factor, particularly in the Upper Peninsula. It seems probable 
that any light that can be thrown on one of these diseases will help the 
understanding of the others. 

The Experiment Station staff at the beginning of the fiscal year con- 
sisted, so far as botanical researches are concerned, of myself devoting a 
small portion of my time to the work, except during the summer; Dr. R. P. 
Hibbard who devotes about. two-fifths of his time to teaching Plant 
Physiology and the remainder to his research work; and Dr. G. H. Coons 
with about the same proportion of his time to teaching and investigating 
Plant Pathology; H. C. Young devoting full time to a physiological prob- 
lem. As mentioned above Mr. Young left at the end of August. About 
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March Ist Mr. Ray Nelson returned to the position to which he has been 
appointed the year before but from which he was called by the draft 
shortly after beginning his work. Mr. Nelson devotes full time to inves- 
tigating plant diseases. 

Respectfully submitted, 

K. A. BESSEY, 
Botanist. 

Kast Lansing, June 30, 1919. ; 


Professor E. A. Bessey, East Lansing, Michigan. 

Dear Professor Bessey—In accordance with your request I herewith 
submit the report of work in Plant Physiology for the fiscal year ending 
June 30, 1919. : 

As per the plan of previous years the work has been divided between 
the Experiment Station and the College, the allotment of time being ap- 
proximately the same as during the last fiscal year. 


ADAMS FUND WORK. 


The Adams project (Adams 2d), entitled ‘The absorption of solutes 
with special reference to balanced solutions”, was pursued actively. It 
has assumed large proportions and is being carried on in the field on a large 
scale. The practical application of this project rests in working out from 
the data collected and to be collected a logical and reasonable method 
for determining the fertilizer requirements ‘of soils and crops. The evi- 
dence so far is very strong in favor of adopting a certain method, but 
further field work should be done for a period of several years, so that defi- 
nite conclusions canbe drawn. The pian should alsobe modified to include 
the idea of crop rotations. Similar work is being done at the Maine and 
Pennsylvania Experiment Stations. At both of these stations the work 
is under the direction of one man. The problem here was independently 
conceived and planned, and worked out as a result of laboratory and 
greenhouse study carried on here for the past several years. Our first 
field studies were started on an acre of land in Field 10, during the summer 
of 1918. The results show that, for the particular soil used and under the 
then existing climatic and environmental conditions, an application of a 
mixed fertilizer containing a large amount of acid phosphate gave the 
greatest yield of oat grain and straw. That acid phosphate alone would 
not be the best fertilizer treatment was shown by a poorer yield of grain 
on the plot treated with acid phosphate only. Where a little sulphate of 
potash and sodium nitrate were used in conjunction with the acid phos- 
phate the best yield was obtained. This shows, as has also been shown in 
greenhouse and laboratory work, that the evidence is strongly in favor of 
the use of other fertilizer salts to correct the unbalanced conditions in the 
soil solution when it is deficient in some necessary salt. 

During the winter months a similar experiment was set up in the 
greenhouse. The soil was from the same field only not from the part 
that had received fertilizer applications. Two-gallon crocks were used 
in which to grow the crop. Instead of oats this time we used another 
cereal—wheat, of the Marquis variety. Altho this experiment should 
be repeated?or’should be run in duplicate to be ideal, the results show | 
that acid phosphate again should be the chief ingredient in the fertilizer for 
this particular soil. It is our intention to_repeat this experiment immedi- 
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ately, for it was out of the question to duplicate it as suggested above, 
because it would be a difficult matter to take care of 96 large cultures and 
carry them to maturity. The wheat grew well under greenhouse condi- 
tions and was normal in all respects except that it took a little longer for 
it to mature. 

Later, other soils as well as other crops should be treated by this plan. 
A determination of the best ratio of combination of fertilizer ingredients 
appears then to be the best way of working out the fertilizer requirement 
of soils or crops, far better in fact than by making use of the chemical 
analysis of the soil or crop. During the winter several preliminary and 
five complete short term experiments were set up with corn, wheat and 
oats to determine various points in doubt in the general problem. 

The spring before the close of the fiscal year three field experiments 
were started. The first was layed out on the Station farm, on poor, 
sandy soil. The piece of land was about two acres in size. The crop was 
oats. With the results of last summer’s experiments before us we were 
able to see which changes and modifications were necessary in our plan. 
This time we emphasized two things: first, the various combinations (36), 
-and secondly, the total amount of fertilizer added per acre. This is the 
same as determining the total concentration. This is an important mat- 
ter especially when taken into conjunction with the various combinations, 
for it is probable that here as well as in water cultures the total concen- 
tration has much to do in determining the optimum ratio or combination. 

The other two experiments were with crops and soil types with which 
we have had little or no experience. One of these was set up on the farm 
of L. J. Reed 713, at Clio, Mich., on a sandy loam, poor in fertility. The 
crop was corn, and the piece of land about three acres in size. The other 
experiment was on the farm of Ezra Levin, on a fine sandy soil. Here 
about two acres were set aside for;the experiment and put into potatoes. 
These experiments are all on a small scale and do not include the idea of 
rotation of crops. As most farmers use the rotation system it seems very 
necessary to incorporate this into ‘our’ general plans. Although most 
farmers would hesitate to spend the time and money on'this problem under 
present labor conditions, it was gratifying to learn how ready both Mr. 
Reed and Mr. Levin were to cooperate. When such a plan of fertilizer 
treatment as worked out by the above method is widely known and 
established it is very probable that even then the farmers will not have 
time-to use the plan in detail. In view of this fact, it might be the best 
thing for them to send the soil to the laboratory and there a study would 
be made along the line of the above investigation. From the results, a 
proper fertilizer treatment could be recommended to the farmer. 

To assist me in the routine work of carrying on the above experiments, 
I have had with me for the year Mr. Gershberg, who has often put in 
overtime, has shown a zeal and earnestness in the work and has stayed 
on when other positions have been offered to him. Much of the success at- 
tained in these experiments is due to his hard work. I had often planned 
more than could be done, but we both worked hard and somehow or 
other things were accomplished. 


STATE FUND WORK. 


Early in the year plans for enlarging and broadening the work of the 
Experiment Station were outlined but on account of war conditions, 
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which reduced the number of men available for research and common 
dJabor, these plans had to be modified and reduced. Mr. H. C. Young was 
appointed Research Associate in Plant Physiology and given the following 
problem: ‘‘The physiological effect on life processes of certain plants when 
growing under deficient.or improper nutritive conditions.” Shortly after 
his appointment, Mr. Young was called into army service as a Lieutenant 
in the Sanitary Corps, and the work on the problem was stopped. 

I regret to report that but little experimental work has been done 
on our cooperative experiment, to-wit, a study of the electrical conductivity 
of seeds. I have had the matter in mind considerably, planning various 
ways of attacking the problem. 


COOPERATIVE WORK. ; - 


In addition to the above work, this division is cooperating in two 
other problems. We are collecting soil temperature data for the Ecological 
Society of America. Dr. Shreve of Tucson, Arizona, is in charge of the 
big problem, and we note chet many states are cooperating for “the pur- 
pose of carrying out a soil temperature survey throughout the United 
States. Next month will complete a year’s record of soil temperatures 
at this Station. Our second cooperative problem is with the National 
Research Council. This problem is one of very great importance and many 
experiment stations throughout the United States are at work onit. The 
formal statement of the problem is, ‘“The determination of the salt re- 
quirements of agricultural plants”. All the workers aim to find out what 
combination of the necessary elements in the soil gives the most satis- 
factory growth of plants. On account of the lack of help and large amount 
of time necessary for our own work we have been able only to get a good 
start in this cooperative problem. 


INSTRUCTIONAL WORK. 


The work in the college included as usual, graduate and undergraduat® 
instruction. With the absence of Mr. Young in the army, all the lectures 
and laboratory work in plant physiology fell to me. Courses were given 
in the fall and spring terms. During the time that the 8S. A. T. C. was 
stationed here, I was called on to take charge of pau 3 in the 
fall term, and found it a pleasure to do the extra work. I also assisted 
Mr. Seeley with his class in meteorology, putting in seven hours a week. 
I gave the usual yearly lectures on plant nutrition to the class in agricul- 
tural chemistry. I also lectured to the senior class in pedagogy, outlining 
a course of study in plant physiology for high school students. Certain 
experiments were set up and demonstrated at the time. 

I wish to call attention again to the crowded condition of both laboratory 
and greenhouse. We appreciate that we have had more greenhouse space 
than usual due to your willingness to give up your bench, but even so 
our entire space for housing work in systematic botany, pathology and 
physiology is far too small for work of such importance. The experiment 
station laboratory is also crowded, and more space should be had at the 
earliest possible time. 

For your sympathy, cooperation and w illing assistance in all the varied 
interests of plant physiology, I wish to give you my many thanks. 

Respectfully, 
RewPe ALB BARD: 
Kast Lansing, June 30, 1919. Research Associate. 


. 
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Dr. E. A. Bessey, College. 

Dear Dr. Bessey—At your request, I present the following report of 
the work of the year. It may be pointed out that research work done 
during the war period necessarily took on a different character in some 
respects from the work of previous years. Certain lines of fundamental 
research which are carried on under Adams projects were laid aside for 
work of an emergency nature. For example, it became very evident that 
seed treatment of grains to prevent smut was a matter of state and na- 
tional concern, and all forces of the Experiment Station were concentrated 
in the attempt to develop methods suitable to the grave situation brought 
up by the needs of the food crisis and the labor shortage. The results of 
the work on grain treatments are given in another place in this report. 

As is evident from your own discussion of the personnel of the depart- 
ment, the war made many changes in the staff and prevented in part 
the carrying forward of experiment station projects. It is gratifying, 
however, to be able to report that by means of various assistants, chiefly 
women, it was possible to continue nearly all the lines of experiment 
station endeavor. And finally, it should be pointed out that the call for 
extension work in plant pathology was more pressing during the war period 
than ever. This work, in part, took the form of preparation of articles for 
the college press service and in part the giving of lectures and demonstra- 
tions at farmer’s schools, institutes, ete. It must be conceded that ex- 
tension activities and experiment station activities are difficult to reconcile, 
although it is certainly true that certain kinds of extension work can 
best be done by the experiment station, having first-hand knowledge of 
the facts. It is believed, from the work carried on, that the Experiment 
Station work has not been unduly injured by the demands of the war 
period, but it is to be admitted that work of a purely extension nature 
should not be pushed in peace times to the extent made necessary by the 
war. With this introductory summary of the general conditions under 
which the work of the fiscal year ending June 30, 1919, was done, I will 
proceed to report on the various projects being carried on under my 
direction. 


ADAMS DB. 


This project is entitled: ‘‘To determine with some plant pathogenes 
of the Fungi Imperfecti, biological relations which may give a basis for 
identification and classification as well as understanding of physiological 
and life history problems. The Fungi Imperfecti form a group which at 
present has no basis for classification other than a highly artifical one. 
Attention will be concentrated on the section of the group represented by 
the genus phoma and its close allies.” 

The project as outlined is a very important piece of research work, and 
one which involves the development of a new technique in handling fungi. 
It recognizes, in the first place, the great complexity of the forms of the 
fungi imperfecti and the present unsatisfactory methods of diagnosis and 
classification. The purpose of the investigation is to determine biological 
methods whereby the organisms may be classified. For the purpose of the 
experiment, some fifty cultures of organisms of the Sphaeropsidales are 
carried in pure culture and these cultures have been maintained. During 
this work on the pure culture of several members of each of the important 
genera, 1t has been found that there are certain characters of mycelial growth 
which are constant for the genus. Certain peculiarities of growth and 
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pyramidal formation have been noted and these seem to be desirable char- 
acters which will be of service in diagnosis. A large part of the work has 
concentrated upon the inoculation of laboratory animals as described in 
the last report. The work done has confirmed the conclusions of last year’s 
work, namely that animals can be sensitized by a given organism and will 
show anaphylactic shock when reinoculated. While there is doubtless a 
group sensitiveness it has been possible with certain Fusarium strains to 
get definite discriminative reactions in cases where a species and a variety 
of the species has been used. For example, guinea pigs sensitized with 
Fusarium conglutinans will not respond to Fusarium conglutinans callistephi 
but will respond to inoculations with ground material from the original 
culture. 

In the preparation of antigens in this work the technique developed 
during the war for the preparation of oil vaccines has been used. Cultures 
are grown in bulk in a synthetic medium and after about two weeks 
growth the heavy mat is ground, by means of steel balls, under aseptic 
precaution in a large Pyrex bottle. The synthetic solution used is one 
designed to give a maximum of mycelial growth and is made up as follows: 


SYNTHETIC SOLUTION. 


n 


Cane Sugar ( ) eG ne a eee opto Sth ata ded 7 72 poms? 
50 
n 
Glucesé: (===) asc Sea ae hee ee 356 
50 
n 
Magnesium sulphate ( epee nee aia 1eoS 
200 
n 
Potassium acid phosphate ( ) 2.72 
50 
n 
Potassium nitrate ( eee ad OSE ae iene Commence (VD 
50 
Shap WALET.S coe ten eo ee aot ey eee eee 1000. 


The work undertaken so far may be considered as an attempt to develop 
a technique suitable to handle the problems underlying this project. 


HATCH. 


Work under the Hatch Fund consists of the general routine diagnosis 
and determination of laboratory material and the development of the 
Plant Disease Survey. About 800 specimens were handled last year. 
This work keeps the department in touch with conditions in the State and 
gives to county agents, especially, definite information concerning the 
diseases prevalent in their counties. 

In cooperation with the federal office, a survey of potato disease con- 
ditions in the State was made last year by Dr. E. F. Woodcock. It was 
the purpose of this work to watch for the first outbreaks of Late Blight 
of Potatoes in order that the epidemic conditions of 1912 and 1915 might 
not be repeated in war times. Due to the dry summer, Late Blight did 
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hot appear. The experience in Wisconsin, however, where similar work 
was in vogue, demonstrated the practicability of this reconnoisance sys- 
tem. With wet weather in the first half of the season, Late Blight would 
have been prevalent, and the warning given would have been most helpful 
in preventing loss. The full report of Dr. Woodcock’s observations on 
Potato Diseases is to be published in the Twentieth Report of the Michigan 
Academy of Science. 

A general summary of plant disease conditions of the year has been pre- 
pared and this is in course of publication in the Twentieth Report of the 
Michigan Academy of Science. ~ 

The work of the Experiment Station on cucumber diseases under your 
direct charge, carried on in cooperation with the U. 8. Department of 
Agriculture, is also financed from this fund. Similarly your work in 
continuation of observations on ginseng diseases is financed from this fund. 

From time to time calls for investigation of various diseases of crop 
plants come to the Experiment Station. Greenhouse troubles, especially, 
call for attention. From time to time, workers in the Experiment Station 
answer these calls and give such.help as the disease conditions warrant. 
In passing it may be said that the diseases of greenhouse crops are numer- 
ous and exceedingly important. One of the chief factors governing the 
success or failure in the greenhouse business is control of plant diseases. | 
It is to be hoped that more attention will be given to the pressing prob- 
lems confronting the greenhouse industry. 


- STATE POTATO WORK. 


For some years a portion of my time has been devoted to the investiga- 
tion of potato diseases. A large part of the work done has been to interpret 
for Michigan conditions the findings of various scientists upon the ex- 
tremely puzzling and elusive diseases—Mosaic, Curly Dwarf and Leaf 
Roll. It may be said that due to the facilities afforded by the fund al- 
lotted to potato work to attend the various conferences of workers on 
potato diseases, there has been made available to Michigan growers the 
results of all the research work of plant pathologists in these important 
and little understood diseases. The observations by Dr. Woodcock have 
shown that Michigan is in rather fortunate condition in respect to these 
diseases in comparison with other great potato-producing states. 

Emphasis has again been placed in the potato work upon seed treat- 
ments for the prevention of Scab, Black-Scurf, and Black Leg. During 
the war period, the experiments of the Station gave plant pathologists in 
the various states grounds for great simplification of the methods of 
potato seed treatments. In place of the rather long period required for 
soaking potatoes for Scab (114% hours in formaldehyde, 1 pint to 30 gallons) 
it was found that 15 minutes was effective. Similarly a 30-minute soak in 
corrosive sublimate 1-1000, is as effective—and apt to be less injurious to 
stand—than 114 or 2-hour soak in the solution. These conclusions, based 
on,one year’s work are now reinforced with the results of a second year’s 
trials. The full report of these experiments is at present being prepared 
for publication. 

As a new contribution toward the solution of potato seed treatment 
problems, the work of last year brought out that mercuric cyanide* 1-1000 


*Iam indebted to Mr. Ezra Levin for the suggestion to try mercuric cyanide in this connection. 
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‘an be substituted for the mercuric chloride. The advantage of mercuric 
cyanide as a chemical for this purpose comes in its great solubility and 
also from the fact that it is not corrosive to metals. Potato treatments on 
a large scale require such a large equipment of barrels, tanks, ete., if 
treatment is to be done rapidly, that many farmers find the matter ex- 
ceedingly onerous. If mercuric cyanide can be furnished at all cheaply 
to farmers, it will be a great advantage for their metal stock tanks can 
be used for treatment—the same te be carefully rinsed before using for 
the ordinary purpose again. Work with mercuric cyanide is’ being 
continued. 


STATE CELERY WORK. 


For some years the Experiment Station has worked on the celery diseases 
of the State. Attention in the last two years has been given largely to 
root diseases. The disease known as celery stunt has been kept under 
observation and selections of apparently resistant plants made. In no 
case-has it been passible to winter over any of the selected plants. Plants 
which were growing in thoroughly sick soil and which were apparently 
free from disease when planted in the greenhouse or in the cold frame, rot 
in a month or two, indicating a partially diseased condition or an outgrown 
diseased condition at the start. Search for resistant plants and the attempt 
to winter them will be continued. 

Since our first surveys of the prevalence of celery stunt the disease 
has been found in many other locations in the State. The disease is known 
now from every muck area of the State, although in all but Kalamazoo the 
disease is localized in its attack. The wide spread of the disease has been 
accomplished by the sale of diseased seedlings—a trade which is very 
brisk among market growers, especially in years when freezing or drought 
destroys seed beds in any given locality. 

Golden Self-blanching celery is chiefly affected by the stunt, and in 
ordinary years Easy Blanching celery can be grown at a profit in diseased 
soil. Around Kalamazoo, the Easy Blanching is the chief celery grown. So 
far it has been marketed at a fair price. 

Reports from other northern states indicate that the Michigan situation 
in regard to celery stunt is duplicated with them. It is evident that the 
Golden Self-blanching celery, which is the plant most highly prized on the 
markets is becoming exceedingly scarce. It seems extremely probable that 
in a very short time high lands can profitably be turned to the growing 
of this plant, by proper irrigation, and by the taking of proper precautions 
to prevent the entrance of this disease. 


PHOMA ROOT-ROT OF CELERY. 


Last year’s report contained a short abstract of work done by the 
writer upon this interesting disease of celery roots. Last year, Mr. C. W. 
Bennett undertook fuller study of this disease. He has done most ex- 
cellent work and great y advanced our knowledge of the disease. After 
verifying the work previously done in the laboratory, Mr. Bennett has 
worked out details of methods of infection, hasstudied the causal organism 
in pure culture and determined its physiological relations under various 
erowth conditions. 

Most interesting and important as a contribution to the science of 
plant pathology are the results obtained in the loss of virulence. Mr, Ben- 
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nett worked with three strains of the Phoma apiicola known to cause this 
disease and finds in them great differences in virulence. The detailed re- 
port on the causes of loss in virulence in connection with growth in pure 
culture, in soil cultures and under various growth conditions can not be 
outlined here. The finding, however, that the organism changes its 
growth in soil away from the host plant, suggests very forcibly that by 
the operation of this principle “sick’’ soil becomes safe after some years of 
crop rotation. Work along this line is being continued. 


CEREAL DISEASE INVESTIGATIONS. 

Work on cereal disease was done under my direction by Mr. H. H. Me- 
Kinney whose work in this regard was most carefully done. Following the 
outline of work given in the previous report in which the “‘Dry Method” 
for cereal treatments was tested and found safe so far as laboratory tests 
would show, the treatment was recommended for use with all cereals. 

The treatment which the farmers in Kent county had first tried and 
found safe, when recommended in general throughout the State was used 
by some farmers carelessly with the result that grave injury to stand re- 
sulted. 

The facts in the case during the fall of 1917 were these: Farmers had 
used the seed treatment for oats and had good success in control of smut. 
No injury to stand resulted in spite of wide variations in the hands of 
many farmers in seed treatment methods. This hardiness of oats tended 
to make farmers careless in their treatment of wheat the following plant- 
ing season. Coupled with this the weather of 1917, was exceptionally 
rainy so that the planting of a given lot of seed extended in most cases 
over a period of a week to a month. Under such conditions many reports 
of loss came to the department. It was not sufficient for us to show dis- 
obedience of the very plainly given directions. It devolved upon the 
Experiment Station to discover the why’s of formaldehyde injury. 

This work which was done by Mr. McKinney and myself showed first 
of all that our knowledge of formaldehyde action was extremely limited. 
We had a rule for treatment but no principle treating on the method of 
action of the gas. We discovered that the prevailing notion that formalde- 
hyde is a gas ‘tending to escape readily is erroneous, and that on the con- 
trary the formaldehyde as applied to grain by the wet method is extremely 
slow to air, since the formaldehyde polymerizes so readily. Furthermore, 
it was found that formaldehyde has a remarkable affinity for water, and 
that it cannot be driven out of water by boiling, even. These and other 
significant facts governing the use of formaldehyde developed in the 
course of our investigations. A complete account of work to date has 
been prepared for publication in the Twentieth Report of the Michigan 
Academy of Science. The results important for use by farmers have 
been given briefly in a popular bulletin. 

It is gratifying to note that as a result of the work on the technical 
side, the formaldehyde injury question, our county agents, and through 
them the farmers of the State have been thoroughly informed of the 
dangers from careless treatment and as a result of this emphasis in follow- 
ing directions carefully not a single case of injury to stand came to the at- 
tention of the section last year. While here and there some farmer 
used formaldehyde carelessly, the great majority of the fields treated were 
protected from smut without injury to stand. 
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As a further result of our investigations, it was found that injury has 
been brought about for years by improper use of the wet method, and 
this loss, though important, has been over-looked or assigned to some other 
factor. 


BEAN WORK. 


The work of the Experiment Station has been reported in full in other 
reports.. Mr. Muncie closed his work in 1917 and submitted full report of 
his findings, which has been published in Technical Bulletin No. 38. Mr. 
Ray Nelson, Mr. Muncie’s successor has taken as his problem, Bean Mosaic. 
Although work by Mr. Nelson was interrupted by his absence from the 
Station for about nine months during the first of the year, many interest- 
ing observations on Bean Mosaic have been made. The statements of 
Cornell investigations that the disease is carried in the seed have been 
amply confirmed. It has been shown by observations on the diseased 
plants that the most pronouneed mottling occurs in the new leaves, in 
the parts of the leaf nearest the veins, indicating the significance perhaps 
of the vascular system in transference of the virus. 

It is too early in this investigation to report on the many lines of ex- 

perimentation under way dealing with Bean Mosaic. Suffice it to say 
that it is the opinion of the members of the Experiment Station staff that 
in the mosaic group of diseases we have what are potentially the most serious 
of all plant diseases. Here isa great group of troubles, whose cause probably 
is an ultramicroscopic organism transferred in most cases by insects, 
capable in some cases at least, of wiping out an entire industry. There 
are places in Michigan where Peach Yellows is a household word and where 
peach growing is no longer attempted. There is a variety of potatoes, 
Bliss Triumph, that no one can raise at a profit. There are cucumber 
fields that have never produced a dollar’s profit, and salting stations that 
have been sold for a song. All these are examples of the result of the work 
of a mosaic disease. That such a disease is at work in Michigan bean 
fields warrants most intensive investigation and it is the purpose of the Ex- 
periment Station to attempt to discover the seriousness of the present 
situation in Michigan fields. 
* In this connection, permit me to refer to the very promising fact that 
the Robust bean developed by Professor Spragg of the Farm Crops de- 
partment seems, in Mr. Spragg’s latest tests which have been care- 
fully checked by both Mr. Muncie and myself, and by tests at Cornell 
University by Dr. Donald Reddick, to be extremely resistant to Mosaic. 
In this bean there seems to be the resistant character which will afford 
material for abundant work in plant breeding. 


MISCELLANEOUS WORK. 


Interesting results on the injury to plants by phenol fumes have been 
obtained in a series of experiments conducted by Miss Gillette, a student 
assistant in the laboratory. These results have been prepared for publica- 
tion. Work on transportational diseases, in connection with Mr. Nel- 
son, is being continued. Mr. Nelson has obtained very important results 
showing the importance of asphyxiation, such as results from poor venti- 
lation,thigh temperature, etc., in connection with a wide range of crops. 
Work along this line is being continued. 
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PUBLICATIONS. 


The following publications have been made or are in the course of 
publication at this time: 

The Stinking Smut of Wheat—G. H. Coons. Extension Cire. 17. 

Michigan Plant Diseases of 1918—G. H. Coons. 

Potato Diseases in Michigan in 1918—E. F. Woodcock. 

Formaldehyde Injury to Grains—G. H. Coons and H. H. McKinney. 
Twentieth Rept. Mich. Acad. Sei. 

Injury to Vegetation by Phenol fumes—G. H. Coons and Genevieve 


Gillette. Twentieth Rept. Mich. Acad. Sci. 


RECOMMENDATIONS. 


In consideration of the wide range of work which is demanded of me 
in fulfilling the requests which come to the section from people in 
the State, permit me to urge the fact that one or two additional research 
assistants who are capable of taking charge of a line of endeavor, such as 
Mr. Nelson does, are necessary to get quickest results in many of the lines 
of investigation being earried on at the Station. Potato diseases are so 
important that a man should be provided for full time work. Similarly 
greenhouse and truck crop diseases should have a full time man to carry 
on most efficient investigations. The work I have been able to do has been 
limited and for the most part carried on through graduate students or 
through under-graduate assistants. The direction of this work takes 
much time away from my regular lines of research. 

Most imperative in the carrying out of our work is the need for an- 
other greenhouse, fully as large or larger than the present one. The pres- 
ent greenhouse is used for five purposes, which, in spite of the most amic- 
able relaticns in the section, interfere one with another. These 
uses of the present greenhouse are as follows: First, the greenhouse fur- 
nishes classroom material for all the teaching work in botany and plant 
pathology. Second, there is carried here a considerable stock of orna- 
mental plants, some of which are of use for demonstration purposes. 
Third, the greenhouse is used by graduate students in plant pathology. 
Fourth, the experimental work in plant physiology which is most im- 
portant and exceedingly far-reaching in its significance, is carried on here. 
Fifth, from 3 to 4 experiments in plant pathology work with diseased 
plants are carried on in this area. 

It is evident from this showing that our greenhouse facilities are sadly 
inadequate. It is a fact that 25 years ago the College as a whole had more 
greenhouse space and was doing more for an infant industry—the green- 
house business—than it is today. Considering the value of crops grown 
under glass, alone, around Detroit, Grand Rapids, and every other city 


_ of any size in Michigan, this condition is open to criticism. 


I wish respectfully to urge that you use every effort to impress the 
authorities of the institution with the inadequacy of the greenhouse facili- 
ties of the College and the department, especially to the end that more 
money may be provided at once for more space. 

In order that this report may be complete and show the full activities 
of the year, I will state that I have spent considerable time in extension 
work. The chief activity has dealt with cereal seed treatment. The results 
obtained are to the credit of the county agents of the State who have heen 
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most efficient and helpful in the campaign carried on. The following 
summary of work done in the various states has been prepared by the U.S. 
Department of Agriculture. It is a report of extension work which is, to 
my mind, in itself a justification of the existence of the extension work of 
the College. When we consider this as a contribution in the stress of a 
war year its significance is even greater. 


TABLE I. 


Results of a field survey to determine the prevalence of seed treatment by farmers and its effects in preven’ ion of smuts. 


Smut found in 


‘Number | Number of fields | Inspected fields 
of inspected. sown to treated 

farmers seed. Treated fields. Untreated fields. 
inter- pent fac Soteey mar Sere eT eae oy 

State. viewed 

person- 

ally. | Wheat. | Oats. | Wheat. | Oats. | Wheat. | Oats. | Wheat. | Oats. 

Per cent.|Per cent.|Per cent.|Per cent|.Per cent.| Per cent. 
Alabamaeeseeteucs cote cekos ; 668 237 | 560 10.5 One 0.0 1.73 3.20 5.95 
IATKATISAS oe ee eee eee 184 132 78 0.45 0.0 0.0 0.0 2.35 tad 
Georfias a. sb eck con eee 225 136 141 38.9 22.6 0.05 0.10 4.47 10.65 
ilinois* teens te oe eae eee 111 54 59 0.0 18.6 0.00 0.21 6.65 7.38 
Indianareecs- ies ee See eee 477 159 390 By (ea! 39.0 3.03 0.35 6.06 5.92 
TOW ee Nee eee eee 536 195 214 4.10 6.5 0.030 0.053 1.36 1.37 
Karisass eer eee rein ae eee 334 187 147 0.05 0.01 0.000 0.000 0.81 4.49 
Michigan’. foc 5. Sos eear eee eee 98 18 31 66.66 70.96 0.031 0.018 | 10.16 6.52 
Minnesota sack. Let ee eee 678 688 540 16.2 18.6 0.87 123 3.99 3.07 
IMISSISSIppiay aa cers cece nae err. 328 174 218 8.5 6.8 0.73 0.72 2.72 5.69 
IMSSOULIES ne ee seen ene ape: : 1,176 845 515 5.0 2.5 0.63 2.90 2.33 4.97 
Nebraska... St Sane eee =e 350 242 110 6.6 1.6 tel? 0.70 8.11 6.45 
New York.. Dae poate ae 793 887 571 6.2 25.4 0.00 0.71 0.23 4.30 
North’ Carolina ce.2: oes sneer. 364 262 108 8.0 4.34 0.086 0.00 1.49 LT 
Northe Dakotas; oeekoocnael 300 155 67 71.61 50.74 0.254 0.67 5.61 11.83 
Ohio? oeris=. ah, Se : PRs. 211 224 55 laf 10.9 0.25 0.125 9.80 10.42 
Oklahomatwrerc eee ee eee 360 184 180 0.0 0.0 0.00 0.000 0.36 6.15 
Pennsylvanias.eo cee eens 544 414 78 0.0 17.0 0.00 0.166 0.171 4.50 
SouthiCarolinarean coke. eee 156 79 67 50.6 10.4 0.00 Biel 0.43 7.76 
ROXAS Se tenet a aloe cee ae ae 416 186 207 2.0 0.6 0.00 0.25 0.08 4.26 


The figures for the twenty states named are representative of the forty-three states in which seed treatment demonstrations 
and smut surveys were carried on. 


Tigures furnished by the U.S. Department of Agriculture. 


As is evident from the reports of the different projects, I have been 
able to carry out the work done because of most efficient and loyal help 
from my associates in the Experiment Station. I wish also to thank you 
for counsel and advice upon the many problems which have been before 
us. 

Very respectfully, 
G. H. COONS, 
; Plant Pathologist. 
Kast Lansing, June 30, 1919. 


REPORT OF THE CHEMICAL SECTION. 


Director R. 8S. Shaw: 

In summarizing the work of the Chemical section for the past year 
it seems fitting to make a public record of the services rendered by members 
of the staff, in connection with the world war. Six members of the staff 
were registered in the first draft, four of whom later entered the service. 

Mr. F, F, Hebard, Inspector, resigned November 15, 1917, and en- 
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listed in the Naval Reserve Corps as a Seaman’ 2nd class. He early 
qualified as a marksman and was detailed as an instructor, which duty 
he performed throughout the remainder of the war. 

Mr. E. J. Miller, Sake aul in the Sanitary Corps, October 19, 1917, and 
was commissioned Ist Lieutenant. Lieut. Miller was placed on detached 
duty in Washington where he was engaged in the poison gas investigation. 
He was released December 28, 1918, and returned to his position Feb- 
ruary 1, 1919. 

Mr. Perey O’Meara, was drafted November 30, 1917. He was sent 
to Camp Custer and assigned to Co. C. 338 Inf., 85th Div. On July 21, 
1918, he sailed for France and returned to this country April 11, 1919. 
In September 1918 he was made corporal of his company. Corp. O’Meara 
was released from service April 11, 1919, and returned to his position May 
7, 1919. 

Mr. T. E. Friedemann enlisted in the Sanitary Corps, February 28, 
1918, and was sent to Camp Greenleaf, Fort Oglethorpe, Georgia, where 
he was assigned to duty in the laboratory of the General Hospital. Mr. 
Friedemann resigned on February 14, 1919, in order to accept a Fellow- 
ship at the Harvard Medical School. 

Dr. C. S. Robinson was ealled to the Rockefeller Institute, New York 
City, March 1, 1918, to take charge of instruction in Clinical Chemistry. 
He was attached to the Institute Staff until June 6th when he received a 
commission as Captain in the Sanitary Corps. Capt. Robinson was 
released from the service January 8, 1919, and returned to the laboratory 
January 15th. 

These men served well and faithfully in the positions to which they 
were assigned and we feel justly proud of their records. 

By action of the State Board of Agriculture, Mr. C. F. Barnum was 
made Chief Inspector and was taken off the road early in the year to su- 
pervise the work of collecting samples of fertilizer and feeding stuffs. 
He has taken charge of numerous details in connection with the control 
_work which has greatly relieved the burden upon the Chief of the Section. 

Mr. A. H. Teske was appointed as inspector and entered upon the duties 
of the office October 1, 1918. 


CONTROL WORK. 


Fertilizer Inspection: During the year ending April 30, 1919, 323 fer- 
tilizer licenses were issued and 863 samples were collected and analyzed. 
The results of this inspection were published in Bulletin No. 283. 

Feeding Stuffs Inspection: Bulletin No. 282 giving the results of in- 
spection covering 919 samples collected during the previous year was 
published during September 1918. During the year just closing 1,533 
samples have been analyzed. The results of the inspection show a steady 
increase in the quality of the feeds sold in Michigan so far as amounts of 
nutrients guaranteed are concerned. A large amount of very low grade 
and cheap feeds are still on the market and it would be desirable to 
amend the law at the next session of the legislature so as to exclude some 
of the poorer materials now being used. 

It was necessary to try two cases in the courts during the year. The 
first case was against Watson-Higgins Milling Co., Grand Ree et Michi- 
gan, for shipping unlicensed and untagged commercial feeding stuffs. The 
evidence was presented to the prosecuting attorney of Kent county and 
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a warrant was sworn out against John A. Higgins as Secretary and Treas- 
urer of the Company. The case was tried before Justice Beebe at Sparta 
where the violation was observed. The case was decided against the 
Watson-Higgins Milling Co. and a fine of $25.00 was imposed by the 
court. The case was immediately appealed to the circuit court and 
was scheduled to appear on the spring calendar. We recently learned, 
unofficially, however, that the Judge ruled it out on the ground of no 
sause for action. Up to this writing we have not been able to obtain a 
report on the case from the prosecutor’s office. 

The second case was against the Coombs Milling Co., Coldwater, Mic h. 
for shipping “Bran with eround screenings not exceeding mill run’ ’ with- 
‘out previously taking out a license. The evidence was presented to 
Prosecutor Knapp of Coldwater who very ably handled the case. The 
warrant was served against Mr. John C. Amendt, Secretary and Treasurer. 
Before the case came to trial Mr. Amendt appeared before the Justice, 
plead guilty and paid the fine of $25.00 that was imposed. 

In connection with this case valuable advice was given by Mr. Sheridan 
Masters, Assistant Attorney General, for which acknowledgement is 
gratefully rendered. 

Insecticide Inspection: Seventy-six samples of insecticides and fungi- 
cides have been collected during the past two months and are now being 
analyzed. The results of the inspections for the years 1917 and 1918 have 
been published as Special Bulletin No. 96 which is now ready for distri- 


bution. 
HATCH FUND. 


Since returning to the laboratory, Dr. Robinson has been devoting his 
attention largely to an investigation of the use of ammonium citrate 
in the determination of reverted phosphoric acid. This has reference to 
the determination of available phosphoric acid in commercial fertilizers. 
It is a very important subject and the results of his work will be of great 
interest to all fertilizer control laboratories as well as to manufacturers. 
The results of the investigation will soon be ready for publication. 


ADAMS FUND. 


Project 2b: ‘‘Absorption in relation to soluble fertilizer salts”. Mr. 
Winter has been in charge of this work during the past year and has demon- 
strated that soils may become ‘‘acid”’ simply by leaching. In order to 
prove this some alkaline soils and soil forming rocks were set up and water 
charged with carbon-dioxide was caused to percolate through them for 
varying lengths of time. In every case an excess of basic material was 
removed and the remaining soils, after being thoroughly washed with 
distilled water were found to be distinetly acid to sensitive htmus paper. 

A simple method for measuring the amount of “acidity” or lime-re- 
quirement is now being investigated. This method depends upon the 
measurement of the hydrogen ion concentration of a water extract of the 
soil by the colorimetric method. The results of this work are very promis- 
ing. 
Project 2ba: ‘‘The organic nitrogenous compounds in peat soils’. Since 
Mr. Miller’s return, he has been making a study of the acid amide content 
of peat soils upon ‘the assumption that this class of nitrogen should be 
the most readily available as a source of plant food. 
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More work has been done on the investigation of the ‘‘Alkaline Perman- 
ganate’’ Method for the determination of availability of nitrogen in 
mixed fertilizers. The later results confirm the earlier conclusions and 
prove that the action of the permanganate solution is not confined to 
‘any one group or groups of nitrogen compounds. It does prove, how- 
ever, that the solution acts on the less complex nitrogen compounds, 
such as the primary amines and probably the acid amides liberating the 
nitrogen most completely. The more complex compounds are acted 
upon very slowly and the action is progressive. Our results indicate that 
the method may safely be used to differentiate between the good and 
poor nitrogen compounds. This work will be prepared for publication as 
soon as possible. 

Project 2e: ‘“‘Absorption in relation to osmosis in soils.’? Nothing has 
been done during the past year. It is hoped that the investigation can soon 
be started again. 


MISCELLANEOUS. 


One hundred ninety two samples of a miscellaneous nature were ex- 
amined during the year and in addition a great many samples of marl, of 
which no definite record was made, have been examined in order to de- 
termine their agricultural value. 

The writer attended the meeting of the Association of Feed Control 
Officials in Pittsburg, January 13-14, 1919, and in February was called to 
Washington as chairman of the legislative committee of the Association of 
Feed Control Officials to attend a hearing in the Department of Agriculture 
on a proposed Federal Feeding Stuffs Bill. 

The usual course of lectures on fertilizers was given by the writer to 
the short course students in general agriculture. 

In closing permit me to thank you for the advice and counsel that you 
have always been free to give and to commend the faithful and loyal 
spirit of cooperation exhibited by all members of this section. 

Very truly yours, 
ANDREW J. PATTEN, 
Chemist. 
East Lansing, June 30, 1919. 
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REPORT OF THE ENTOMOLOGICAL SECTION. 


Director R. 8. Shaw: 

Dear Sir—Following is a brief report of the work of the Section of 
Entomology for the year ending June 30, 1919. 

The season has brought out a number of unusual insects, among which 
is the clover jassid or leaf-hopper, which occurred in the southern part 
of the State on clover, at Centreville it destroyed from half to three- 
quarters of the crop in some fields. This creature (Agallia sanguineolenta) 
did its worst work on high, dry land in the southern part of the State, 
and was fairky well distributed. 

A jassid on potato, which caused tip-burn was fairly common during 
the latter half of the summer of 1918. This tip-burn which has, heretofore, 
been attributed to weather conditions was controlled by a spray of 
nicotine sulphate wherever the spraying was done before the leaf-hoppers 
acquired their wings. The insects pass the winter in hiding, under 
rubbish, and the destruction of all rubbish in late fall after the cold 
veather sets in, is the one way to gain permanent control, since spray- 
ing for them is only a half measure after all. 

A spittle insect on clover is reported as being very plentiful at Chatham 
in the Upper Peninsula Sub-station fields. This creature *(Philaenus 
leucopthalmus var. fasciatus) deposits its masses of fermenting spittle- 
like excretions all over the clover, and while the clover does not seem 
to be destroyed yet the presence of the frothy mass is distinetly disagree- 
able and must injure the clover somewhat. 

The corn root-aphis was present in unusual numbers, due to the up- 
setting of our regular established rotation. It is always lable to ap- 
pear in Michigan when corn follows spring-plowed grass sod. This is 
because the ants are able to establish themselves in the grass sod and 
the ants foster the aphids. Land which has been under intensive cultiva- 
tion, that is, which has been constantly stirred, is much safer for corn 
because the constant stirring does away with the ants. 

The army worm appeared in several southern counties and many 
‘ases Were reported—some of the real army worm and some which turned 
out to be other insects. The cold, wet spring favored army worms as well 
as cut worms and the latter were present in very unusual numbers all over 
the State. The Erratic Army Worm (Noctua fennica) appeared in cut-over 
districts in the north where it was confused with the true army worm. 
Being confined to non-agricultural land it did very little damage except 
to gardens that had been put in here and there in the cut-over land. 

A Crambid or grass web-worm has been troublesome in young corn, 
where the larvae bore through the roots and stalks, at the same time 
spinning webs apout the roots. These Crambids are ‘found normally, in 
grass sod and establish themselves on corn whenever infested grass sod 
is plowed in the spring and corn is planted. Our unusual labor con- 
ditions, together with the up-setting of the established rotations in the 
attempt to grow grains, has led farmers to plow meadows late and to put 
in corn which has been followed by web-worm injury, often mistaken for 
injury due to the European Corn-borer. 


* Identified for us by Edmund A. Gibson, National Museum. 
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For several years grasshoppers have been very bad in Antrim, Benzie, 
Charlevoix, Cheboygan, Crawford, Emmet, Grand Traverse, Kalkaska, 
Manistee, Missaukee and Roscommon counties. At the present time a 
crusade is being carried on by our extension expert, in cooperation with 
the county agent in these respective counties. A poisoned sawdust bait 
is being used. This sawdust bait is a substitute for the bran bait which, 
it is hoped, will cut down the expense and still do the work. It is made as 
follows: 


1 bu. of hardwood sawdust 
1 lb. white arsenic 

1 Ib. (seant) salt 

14 pt. molasses 

Water to make a stiff mash 


Apparently this is proving successful at the present time. An encourag- 
ing feature of the outlook is that many of the grasshoppers are being at- 
tacked by a parasitic red mite, Trombidium. 

The appearance of the European Corn-borer in the United States has 
naturally put the entomologists of all the states on guard to prevent 
the further spread of this most threatening of all pests. Thus far none 
of the real imported borers have been found, but many samples of other 
insects and of their work, closely resembling the work of the imported 
pest, have been sent in. They include the common stalk borer, papaipema 
nitela, some Crambids, and Hadena fractilinea. These latter borers have 
attracted more attention than usual, no doubt, due to their resemblance 
to their dreaded, imported relative. 

The 17-year cicada made its appearance on schedule time but, as 
was to be expected, in smaller numbers than ever before and although 
many reports of damage were sent in it is likely that the damage was 
done by other insects working in the same trees, whose work was blamed 
on the cicadas. 

The pale-striped flea-beetle did some damage to potatoes, beets and 
beans during the dry spell, but the coming of wet weather usually puts 
a stop to their ravages. 

Cherry slugs, the larvae of sawflies, on cherries and pears, were also 
very numerous this season. They are usually killed by a spray of an arseni- 
cal but, unfortunately, the first generation comes while cherries are ripen- 
ing and is, therefore, allowed to escape because one hates to apply arseni- 
cals to ripening fruits. The second generation, however, appears in 
August and should be disposed of in order that the trees may be safe 
the year following. 

At the present moment the Hessian fly is on the increase in Michigan. 

The lower half of the State is well seeded down with the flaxseeds at the 
present time and while little loss has as yet resulted, the insects are 
widely scattered. This is due to early seeding in the attempt to avoid 
winter killing. Two years ago the wheat showed little fly, and much wheat 
had died the previous winter owing to the severe cold weather while the 
wheat was thinly covered with snow. A year ago last fall a repetition of 
this loss was feared and farmers were advised to sow earlier than usual, 
since the fly was not very plentiful at that time and the need for grain was 
most urgent. The advice proved to be good, since a good crop resulted, 
but last fall when the attempt was made to get back to fly-free sowing 
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dates, it was impossible to do so, with the result that early sowing has 
favored the increase of the Hessian fly which is at present we »]] gee ees 
A repetition of early seeding bids fair to result in serious losses next ye 

The work of Doctor W. L. Chandler has progressed very ner ceria 
This spring an inquiry into the life history of the ox-warble (grub-in- 
the-back) was started, and three calves were isolated in a specially con- 
structed, screened building, in order to shut out the parent flies of the 
ox-warble from depositing any eggs other than those under observation. 
Many larvae were collected from the backs of cattle in our herds and the 
adults bred. Thus far no success has attended the attempt to induce 
these flies to oviposit on the calves in the sheds. Neither could he get 
the flies outside to utilize his particular calves for purposes of egg-laying, 
although several were captured and attempted to do so. It would seem 
that the ox-warble will not oviposit in captivity. It is hoped that these 
difficulties may be overcome, however, amd definite information ob- 
tained from further attempts. 

An experiment dealing with the determination and prevention of gapes 
in poultry was started this spring. Some very interesting data have been 
obtained, but it is too early to report the results as yet. 


THE WHEAT JOINT-WORM. 
BY R. H. PETTIT AND EUGENIA MCDANIEL. 


A tiny wasp-like insect that induces swellings and woody growths 
in the straws of wheat and barley plants, causing some of the plants to 
bend at sharp angles and lodge, besides interfering seriously with the 
full development of the kernels. 

Three times, at least, Michigan has suffered outbreaks of this pest— 
once in 1884, at which time Professor A. B. Cook records it; once in 1905 and 
1906, which outbreak was observed by one of the writers, and once during 
the summer of 1918. This last invasion, like the others was wide- spread, 
but in this case, the common wheat joint-worm was accompanied in some 
counties by a less common species called the wheat sheath-worm, J. vagin- 
icolum. While the common wheat joint-worm is always with us here 


Wheat Joint-worm,—(Isosoma tritici). Male at left, female at right, enlarged (original), 
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Parasite of wheat joint-worm (EFurotoma bolteri), enlarged (original). 


and there, it is only at long intervals that it seems to be relieved of all 
restraint and to take possession of fields of wheat all over the country. 
Such occasions are undoubtedly brought about by weather conditions un- 
favorable to the parasites which ordinarily keep the pests in check. There 
is a continuous rivalry between the pest and its parasites as between the 
hunted and the hunter, and while the joint-worm occasionally gets 
ahead and makes trouble, just so surely in the past, the parasites have 
searched them out and destroyed all but an insignificant remnant—sub- 
sequently almost disappearing themselves for lack of sufficient food. 

In the case of the common wheat joint-worm, Jsosoma triticz:, there 
is but one annual generation. The tiny, winged wasp-like insects emerge 
from their cells in the straw, usually in the stubble-fields, and lay their 
eggs in the wheat just after it begins to lengthen out in the spring. Each 
egg is pushed into a hole that is bored into the succulent straw at the 
tenderest spot, which is just above a node or joint. Sometimes a dozen 
or so eggs are scattered above each joint, although more often only part 
of the straw is utilized in this way. One can form a more or less accurate 
estimate as to the time when the eggs were laid in each field since the most 
tender, new growth is selected; for instance—straws attacked near the 
lower part of the plant show that the eggs were laid while the plant was 


Sig. 3.—Swellings made by common joint-worms (Jsosoma tritici) in straw, enlarged, 
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less advanced than those bearing the galls in the middle part or in the 
upper part. When the eggs hs atch into larvae, their effect is soon notice- 
able in the thickened wall of the culm or straw proper. This thickening 
becomes apparent both by the increase in diameter and by the diminish- 
ing size of the bore in the straw, the central canal sometimes becoming 
completely closed. At this time, slicing the straw reveals cavities in 
the walls in which cavities are to be seen the grubs or larvae. The straw 
also becomes woody and often distorted so that in some fields one finds 
bent and twisted straws which refuse to stand erect, but lie on the ground 
instead, where they escape the reaper even if the heads succeed in filling. 

The straws that are attacked seldom produce their full weight of grain, 
although the loss varies from a slight shrinkage to almost a total absence 
of seed. 

At threshing time the woody sections are apt to break out in the 
separator, resulting in a lot of peg-like hard fragments from half an 
inch to three inches in length, and often this is the first intimation to 
the farmer that anything is wrong. Fortunately, few of the larvae in 
these woody sections live through the rough treatment that they re- 
ceive during threshing, as repeated trials have shown us, since we have 
never succeeded in rearing any adults from such material. 

The stubble from the same fields, on the contrary, usually yields 
quantities of adults when placed in beeeding cages, and in the stubble 
lies the danger, since it is here that the little fellows winter over. If 
our system of agriculture permitted the deep plowing of wheat stubble 
immediately after harvest, the trouble with joint- 
worm and several other troublesome pests would 
largely disappear. Our custom of using wheat 
for a nurse crop for clover prevents us from 
settling the matter in this way. There are left 
to us the employment of measures unfavorable 
to the insects and the substitution for a year or 
so of a grain crop immune to the joint-worm. 
The crop that comes most nearly up to our 
ideas of a substitute is rye, although rye is 
sometimes slightly attacked by the wheat joint- 
worm. Barley is often badly attacked and so 
far as Michigan is concerned, no other grain crop 
would be seriously and generally considered. 

It must be remembered when considering 
practices unfavorable to the pests that the 
adult inseets, when borne on favorable winds, 


Wheat Joint-worm— fly the better part of a mile and it would be 
(Isosoma tritici) Pupa from les See yap alde 
erie Mal ieee eae ea hopele s to even try to put new wheat fields 
(original). at a distance of half that distance from old 


stubble. Nevertheless, it is well to avoid sowing 
new wheat any nearer old stubble than is necessary during an outbreak. 
Since the insects winter over in stubble and comparatively few sur- 
vive the,journey through the separator, it follows that the shorter the 
stubble the fewer the pests that will winter there. Therefore, cut low. 
Some growers prefer to cut high and then after the old dead straws have 
rotted somewhat at their bases, to comb out the dead straws with a 
side delivery rake and destroy by fire. In no case should wheat follow 
wheat during an outbreak, 
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As soon as the presence of a serious outbreak became established, 
the department took steps to obtain samples of infested straw from 
standing grain, through its own members, the county agricultural agents, 
the State Crop Improvement Association, and through Professor A. C. 
Conger of the Department of Zoology, all of whom kindly assisted. 
These samples, numbering several hundreds, were collected for the most 
part, from the southern half of the State and were suitably caged and 
observed daily. During the summer thousands of parasites belonging 
to five species emerged from the caged straws. The following list is ar- 
ranged in order of their numerical importance: 


*1. Ditropinotus aureo- 
viridis 

2. Homoporus — chalcido- 
phagus 

3. Hupelmus alynii 

4. Hupelminus saltator 

5. Hridontomerus prui- 
NOSA 


These parasites were pretty 
generally distributed over the 
lower half of the State, the 
Ditropinotus being by far the 
most common, and on = sev- 
eral occasions this latter species 
was seen to be ovipositing back 
in the dried straws from which 


as bg ‘ A RA r Parasite of Wheat Joint-worm. (Dilropinolus 
the adults had recent ly aureoviridis) enlarged (original). 


emerged. 

The cages were placed in the cold room of our insectary so that the 
straw with the living joiat worms and whatever parasites were present 
might experience  approxi- 
mately outside conditions. 
They were, however, brought 
into the warm room in 
March in order to hasten 
the emergence of such life 
as might be present. As a 
result, we obtained thous- 
andsof the joint worm adults 
and quantities of another 
Parasite of Wheat Joint-worm (Eupelminus sallator) species ol parasite, Hurotoma 

enlarged (originai). boltert, which closely resem- 

bles the joint. worm itself in 

the adult stage. “Last of all there emerged another large crop of Dztro- 

pinotus, evidently the result of eggs laid in the cages by the adults that had 
emerged during the previous summer. 

This year (1919) the joint-worm seems to be scattered pretty well 
over the State, but only in comparatively few cases is the infestation 


*Kindly determined by Mr. W. J. Phillips of the Bureau of Entomology. 
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as bad as it was last year. Some few fields in southern Michigan have 
suffered, but the situation as a whole seems to be markedly improved. 
The foregoing refers to the common wheat joint-worm, Jsosoma tritici. 
The more serious species known as the sheath joint-worm, (Isosoma 
vaginicola) on the other hand produced comparatively few parasites in 
our cages, although it was not so widely distributed, being confined more 
especially to the eastern part of the State. The work of this species shows 
it to be still plentiful—possibly worse than in 1918. Several large fields 
are reported as_ practically worth- 
less this year, while no one seems 
to find any improvement. To sum 
up the situation the common joint- 
worm is being rapidly destroyed 
by its parasites and the wheat 
sheath joint-worm is spreading some- 
what, owing to the delay in the ar- 
rival of its own particular parasites. 
The survey of pathogenic para- 
Ditropinotus aureoviridis, with ovipositorin- Sites of food animals is progress- 
serted in wheat st-aw, enlarged (original). ing satisfactorily and thus far there 
has been no necessity for sending 
out to get material; that sent in for examination and the material ob- 
tained from post- -mortems through cooperation with the Department of 
Pathology has supplied as much material as could be utilized. It ap- 
pears that during the pursuit of this inquiry a few new records for the 
United States have been established. 


During the year the following publications have been put out by the 
section: 


Special: 
“Spray and Practice Outline for 1919’—H. J. Eustace and R. H. Pet- 
EG: 
Cireular: 


“Foul Brood”—B. F. Kindig. 


Press Bulletins: 
“House-flies and Influenza’’—-Doctor W. L. Chandler. 
“Onion Maggot’’—R. H. Pettit. 


The following articles have been contributed to the Experiment, Station 
Quarterly by the section: 
“Stomach Worms in Sheep’’—Dr. W. L. Chandler. 
“Heat Insulators for Bee-hives’’—R. H. Pettit. 
“Entomological Notes’’—R. H. Pettit. 
“Round Worms in Swine’’— Doctor W. L. Chandler. 
‘‘New Pests for Which We Should be on the Look-out’’—R. H. Pettit. 
“‘Ox-warbles’’—Doctor W. L. Chandler. 
‘Periodical Cicada”’—R. H. Pettit. 
On July 1, 1918, Doctor W. L. Chandler became a member of the 
Section of Entomology of the Experiment Station, having the title of 


no 
=] 
=I 


EXPERIMENT STATION REPORTS. 


Research Assistant and devoting his entire time to the Experiment Station. 
At the beginning of the present fiscal year his title was changed to Re- 


—=. Work of the less common but more destructive joint-worm (J. vaginicola), also known 
teh as the wheat-sheath joint-worm. 


search Associate in Parasitology and a part of his time was changed from 
Experiment Station to the Department of Entomology of the College. 
Respectfully submitted, 
Re. PEE: 
Entomologist. 
Hast Lansing, Mich., June 30, 1919. 
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REPORT OF THE HORTICULTURAL SECTION 


To the Director, 

Sir: 

I herewith make a report of the Horticultural section tor the year 
ending June 30, 1919. The investigational work of the section has 
been concerned chiefly with such lines of work as have been previously 
reported. Progress has been made along these lines in the following 
projects: 


DUSTING AND SPRAYING EXPERIMENTS”. 


The work in this line was continued in the orchards at Morrice, Belding 
Muir, and Grand Ledge, using the various dusts and comparing them 
with the arsenate of lead and lime sulphur spray to ascertain the com- 
parative values of these materials in controlling insects and diseases of 
apples. 


MATERIALS AND APPLICATIONS. 
Morrice: 
‘The Dusting Mixtures used were home mixed, using 90% Niagara 
Dusting Sulphur and 10% Corona Dry Arsenate of Lead. 

The Spraying Mixtures consisted of Dow Lime Sulphur 114 in 50, 
Toledo-Rex C alerumn Arsenate (powder) 1 in 50, and the Dow Lead 
Arsenate (paste) 2% in 50. All the sprays were applied with the 
Friend and Hardie Spray Gun. 

Applications. Four regular applications of all mixtures were 
made, both dusting and spraying. 


Belding: 


Dusting: Four applications were made according to the regular 
spraying schedule. First and second, 85-15 sulphur and arsenate of 
lead; third and fourth, Niagara 3 in | sulphur, tobacco and arsenate 
‘of lead. All materials mixed by the Niagara Sprayer Co. 

Spraying: Dow lime sulphur, 1'4 in 50, and Dow lead arsenate 
(paste), 21% in 50. 


Muir: 


Dusting: All dusting done by Mr. Wolverton, foreman at the 
orchard. Four applications. First and second, Sulphur 50%, 
tobacco 35%, calcium arsenate 15%. Third and fourth, 85-15, 
sulphur and arsenate of lead. All materials mixed by the Niagara 
Sprayer Company. 

Spraying: Lime sulphur, 1 in 50, Toledo-Rex Calcium Arsenate 
(powder), 1 in 50, and Corona Dry Lead Arsenate 11% in 50. All 
pura iaee done with Friend Spray Gun under high pressure, 225 to 

250 Ibs. Four applications according to regular schedule. 


Grand Ledge: 


Four applications of all materials. Friend Spray Gun used for al 
spraying. Materials used at the following rates: 
Lead arsenate (Corona Dry): 1 in 50 


* Note—For report of previous work see Special Bulletin No. 87, Dusting and Spraying Experiments with Apples. 
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Calcium Arsenate (Toledo-Rex Dry): 1 in 50 

Dow Lime Sulphur: 114 in 50 

Sherwin-Wiluams Dry Lime Sulphur, 3 in 50, the maximum 
amount recommended by the manufacturers. 

Sherwin-Wiluams Dry Lime Sulphur, 514 in 50, the amount 

necessary to get as much sulphur as is found in 114 gallons 


lime sulphur, 32° B. 
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SUMMARY OF RESULTS. 


Morrice—The foliage of the dusted trees in the Morrice orchard was 
in better condition than of the sprayed trees. There was no injury and 
very little scab. The lime sulphur and lead arsenate spray caused a 
little foliage injury but much less than the lime sulphur and calcium 
arsenate. 

The dusting gave slightly better control than the sprays but the amount 
was so small in every case that the only inference that could be drawn was 
that the dust was equally efficient. 

Muir—The foliage of the dusted trees at Muir was in nearly perfect 
physical condition during the entire season. There was no scab on the 
foliage. The combination of lime sulphur and lead arsenate caused some 
foliage injury. This was not serious. The combination of lime sulphur 
and calcium arsenate caused severe burning of the foliage. This was much 
worse than on trees sprayed with lime sulphur and lead arsenate. The 
dusting work in this orchard has been uniformly successful during the past 
three seasons. 

Belding Foliage—On dusted trees there was a very small amount of 
scab on the leaves and no spray injury. On sprayed trees there was no 
scab but a small amount of spray injury. On the check tree there was 
some scab but not enough to prove serious. 

Fruit—The fruit from four dusted, four sprayed and one check tree was 
sorted and counted. 

On the sprayed trees there was nearly six percent more scabby fruit 
than on the dusted trees, there being but one and seven-tenths percent 
of scabby fruit on the dusted trees. 

The check trees developed a sufficient amount of scab to prove the 
comparatively values of these methods of scab control. There was 
practically no insect injury even on the check trees. 

Grand Ledge—No conclusion can be drawn from this test of the relative 
value of using a larger amount of the Dry L-S Powder as the scab did not 
develop sufficiently on the checks. A test was made of the lime-sulphur 
and calcium arsenate poison comparing it to the lime-sulphur and lead 
arsenate in controlling the coding moth worm and other insects. In 
most of tests with arsenate of caleclum we have had more or less foliage 
injury; otherwise, the calcium arsenate has apparently been as efficient. 


DUSTING CUCUMBERS AND SQUASH TO CONTROL APHIDS. 


It has been found desirable to ascertain the effectiveness of dusts in 
controlling the insects and diseases of ground crops such as squash and 
cucumbers. The following is a report on this subject. 

Materials. A mixture secured from the Niagara Sprayer Company and 
designated by them as ‘‘Niagara Contact Special Dusting Mixture” was 
used. The analysis given by them was: 


Active Ingredients: 


Sulphur-—not less thane: cen: s.-6 sn eee eee 0027 
Nicotine—not less than 2.5 eae eee eee 2075 
iment lmaonedien ts. cf yo 2 See ee eee ee Par 7 


100.00% 
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The 50.75% of inert ingredients is probably mostly tobacco dust as 
the percentage of actual nicotine in tobacco dust is quite low. 

Equipment and Application. The dusting material was applied with the 
Ideal Power Duster. When dusting cucumbers the team was driven so 
that the duster was directly over the row and each hill was dusted as the 
machine passed over. If the vines were long enough to be in the path 
of the wheels they were easily turned so as not to be injured by team or 
wheels. 

The outlet was held very close to the ground and swung from side 
to side so as to cover the entire hill. The leaves were easily turned up and 
in many cases the whole vine would be lifted from the ground so that the 
dusting material easily reached the under surfaces of the leaves. 

Because of the large size of the squash plants it was not possible to 
drive over as with the cucumbers; the duster was driven along one side of 
the row. 

Results. The under surfaces of the cucumber leaves were well coated 
with the dusting material, so that it was quite certain to come in contact 
with any aphids that might be there. Very few live aphids except a few 
of the winged form, could be found after a few hours from the time the 
dust was applied. With the squash it was impossible to distribute the 
dust to all parts of the plants. It is necessary to have the outlet quite 
close to the plants. 

Conclusions. Aphids can be controlled by the dusting method when con- 
ditions are such that the dust can be brought in contact with them. This 
can be done with such crops as cucumbers or muskmelons, but not with 
rank growing vine crops such as squash excepting during their earlier 
periods of development. 


DUSTING POTATOES TO CONTROL COLORADO POTATO BEETLE. 


Materials. The dusting material used was a mixture of Dry Calcium 
Arsenate (Corona Brand—47% arsenic oxide) and tale. It was mixed in 
the proportion of: 


Calcium arsem abe csv ocr ah ae aga a se oe eee as a 15% 
CBG ees c ea see eh ny ie inc eal Sie aes oy CU ECan PL So en hy Oy 


This makes a very fine, smooth, and easy-flowing mixture. 

Applications. The dusting was all done with the Ideal Power Duster 
with the same outlet used for dusting trees. Four rows were dusted 
at each trip through the field, by holding the outlet pipe close to the 
plants and swinging it from side to side. 

Work in College Gardens. Twenty-four rows in a potato field were 
dusted and the remainder of the field was sprayed with Calcium Ar- 
senate at the rate of 1% lbs. in 50 gallons of water. 

Results. As soon as the dusting and spraying were finished a con- 
siderable number of plants in both plots that had a noticeable number 
of beetles on them were marked with stakes. Both methods were entirely 
successful. Within two hours after the application of the dusting ma- 
terial many of the beetle tarvae were showing «ffects of the poison. No 
live larvae could be found the next morning (about eighteen hours aftet 
application) on either plot. Aithough there is no defiaite data for this 
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point, it is thought that the dust acted more quickly than the spray. 
This difference would be attributed to the greater concentration of the 
poison in the dust. 


CONCLUSIONS. 


This experiment indicates very strongly that dusting with calcium 
arsenate as described, is an entirely satisfactory method of controlling the 
larvae of the Colorado potato beetle. 

There were very few of the adult beetles’present when this work was 
done. Considerable difficulty has been experienced at times in controlling 
them by spraying. There is no apparent reason why dusting would not 
be at least as efficient as spraying, as the poison when applied as dust is 
usually in a more concentrated form. 


STORING SMALL FRUITS AT TEMPERATURES BELOW FREEZING. 


The work of the past year in the storage of perishable iruits was con- 

fined to those that proved the most promising in the tests of previous 
years; namely, the Montmorency cherries and the black raspberries. 
They were picked at the regular season of harvesting, treated in various 
ways and placed in the storage where the temperature was maintained at 
18° to 20° F. In a general way it was found that these fruits kept better 
when stored in an air-tight container such as a Mason jar or even a 
crate wrapped tightly with paper. When stored in such a manner it was 
found that there was less shrinkage and less change in the color of the 
fruit during the storage period. Mold developed on the raspberries 
when not stored in air tight containers. 
& Montmorency cherries which were washed, stemmed and pitted, and 
then placed in Mason jars and tightly sealed were stored successfully 
from July until the following March. When removed from storage at 
the latter tinye the color, flavor, and general condition of the fruit. were 
excellent. Cooking tests made from these cherries proved that the fruit 
was of a much higher quality for pies than when canned cherries were 
used or those stored in any other manner. 


POTATO SPRAYING. 


The work of the past season on potato spraying was confined largely 
to comparative tests of the arsenate of lead with the calcium arsenate 
as a poison to control the potato beetle. The tests prove that calcium 
arsenate can be used as a substitute for the lead arsenate with very little 
danger of foliage injury as there has been no foliage injury developed by 
either of these poisons in this test. 


BUD SELECTION AND PERFORMANCE RECORDS WITH APPLES. 


This work started in 1914, the past year completing the fifth season 
in which the section has been cooperating with the United States 
Department of Agriculture on obtaining records from a plot of 120 Bald- 
win trees at Belding in the orchard of Mr. B. F. Hall. Records have been 
kept for each of these trees as to the size, yield, and peculiarities of the 
fruit produced. While the records thus far show no great variations 
in the productiveness of the trees some very interesting and important 
variations in the type of fruit produced have been discovered. One of 
these important types has proved to be of very poor storage quality. This 
experiment will be continued the coming season. 
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EXPERIMENT TO TEST THE VALUE OF VARIOUS MATERIALS ON THE TRUNKS 
OF YOUNG FRUIT TREES TO’PREVENT RABBIT AND FIELD MOUSE INJURY. 


Seventy-five young trees were painted with the following materials: 
Concentrated Lime Sulphur, Lime Sulphur and Lime, Bordeaux Lime, 
Sulfocide, Lime Sulphur and Arsenate of Lead, Arsenate of Lead. 

The trees were growing in a thick heavy sod, making conditions favor- 
able for injury from mice. 

The only material that seemed to have any apparent effect was the 
thick Bordeaux, as both early and late injury was apparent on practically 
all the trees in the plot. This test rather demonstrates the futility of 
painting the trunks of young trees to prevent rabbit and mice injury 
over winter. We would advise the use of the galvanized, four-mesh 
screen as the best preventative. 

Considerable work was started by Mr. R. W. Peterson, Assistant 
Horticulturist, on Vegetable Plant Selection. Mr. Peterson was called 
into service and the work during the past year in this line was very 
limited. It is hoped to develop and extend this field of experimental 
work in the interest of the vegetable growers and the canning factories of 
the State. 

Of the other lines of investigational work that have been continued 
the past year there is nothing of special interest to report at this time. 

Mr. W. C. Dutton has acted as assistant horticulturist of the Experi- 
ment Station during the entire year, being the only one in the section 
giving his entire attention to experimental work. We wish to take 
this liberty of expressing our appreciation for his services during the past 


year. : 
H. J. EUSTACE. 
East Lansing, June 30, 1919. Horticulturist. 


REPORT OF THE SOILS SECTION 


Director R. 8. Shaw, East Lansing, Michigan: : 

It is with pleasure that I submit to you the report of the Soils section 
for the fiscal year ending June 30, 1918. 

The experimental and research work has been vigorously pursued. 
Five bulletins have emanated from this section, namely, Bulletin No. 91, 
Some General Information on Lime and its Uses and Functions in Soil, 
Bulletin No. 248, Some Information and Suggestions Concerning the 
Uses of Phosphorus, Technical No. 42, Relationships Between the Unfree 
Water and the Heat of Wetting of Soils and its Significance, Technical No. 
43, Soluble Salt Content of Soils and Some Factors Affecting it, and Tech- 
nical No. 44, Rate and Extent of Solubility of Soils Under Different 
Treatments and Conditions. 

The various projects under way are as follows: 

1. Soil management and studies. This involves investigations of the 
moisture and structural relationships of soil fertilizer needs with special 
reference to a proper balance of different elements of plant food, the im- 
mediate and residuary effects of different forms of lime, acid phosphate 
and raw rock phosphate respectively, the partial substitute of mineral 
fertilizers for stable manure, sugar beet fertilizers and the value of top 
dressing soils with mineral and organic fertilizers. These investigations 
at present include thirty field projects in different parts of the State, 
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some are quite elaborate, but owing to the fact that some of them ure 
being conducted cooperatively on privately owned farms most of them 
are simple in nature. 

2. Investigations of the value, nature and duration of the residuary 
effects of several forms of veget ible matter when applied to soils of 
different textures. 

3. A study of the changes in the crop producing power and the physico- 
chemico-biological properties of soils long under cultivation. 

4, The immediate and residuary effects of soluble salts on the physical 
and chemical properties of soils. 

5. Translocation of soluble salts in soils and its relation to the amount, 
time and manner of application. 

6. Field and laboratory investigations of peat and muck soils. 

These investigations include temperature changes, moisture relation- 
ships, depth and nature of the subsoil, and fertilizer and cultural methods. 

I desire to emphasize the fact that the members of the staff are greatly 
handicapped because of insufficient funds. You are aware of the fact 
that several neighboring states make larger appropriations for work 
of this nature than does the commonwealth of Michigan. This is riot 
as it should be inasmuch as our soil problems are far more diverse and 
numerous than are those in the states to which refer. Weshould establish, 
as several other states, experimental farms in the different regions of the 
state so that the work may be controlled and watched by the farmers who 
own land in them. Of course, these should be as permanent as the agri- 
culture in the region, or should be continued indefinitely. We, as members 
of the Experiment Station force, are very desirous of seeing this brought 
about and shall not feel that we are performing our full measure of duty 
to the agricultural interests of the State until conditions are such that it 
can be done. 

I desire to commend to you the splendid spirit that Messrs. Millar, 
Grantham, Spurway, Wheeting and Simpson have manifested while per- 
forming their arduous duties during this, an exceptionally trying year. In 
fact the success of- our organization has been due in a-large measure to 
this spirit and to permanency of the personnel. Each of us is grateful to 
you for your support during the year. 

Respectfully submitted, 
M. M. McCOOL, 
Soil Physicist. 
Kast Lansing, Mich, June 30, 1919. 


REPORT OF THE FARM CROPS SECTION. 


Director R. 5S. Shaw, East Lansing, Mich. 

My Dear Sir—I submit herewith a report of the Farm Crops section 
for the year ending June 30, 1919. 

The first half of this period was a time of intense war activity, and the 
last half marked the beginning of a period of readjustment along agricul- 
tural lines. The Farm Crops section was burdened with problems and 
difficulties of an unusual nature in addition to its usual duties. An un- 
usually large correspondence developed relative to experimental work 
bearingon the war and readjustment problems of the State. Fortunately, 
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the experimental work of past years provided a sound basis for the answer- 
ing of a great majority of these questions, and for directing extension 
work and publicity in proper channels to accomplish best results. 

The need for the utmost production of food in order to meet war de- 
mands brought into use the full knowledge of this section based on nu- 
merous past experiments concerning crop’ varieties, crop adaptations, 
and cultural methods. For the most part, the experimental work of the 
past was directed along lines remarkably well suited to meet these needs. 
Here and there new lines of work were indicated by war needs which will 
be carefully considered in planning future work. 


Comparative test of annual hay and forage crops. 


The effort on the part of Michigan farmers to meet the demands for 
increased production of small grains, beans, corn, potatoes and sugar 
beets, resulted in the frequent breaking up of established rotations, and 
a decrease in the area of meadows and pasture lands. Without doubt, 
crop production in Michigan will be effected for a number of years and 
new problems will present themselves to farmers and agronomists. In 
addition to causing an increase in production of our chief food crops, the 
war gave impetus to the production of fibre crops such as flax and hemp; 
flax production in the State practically doubling, and hemp production 
being taken up in a small preliminary way in several sections. During 
the past season, about twice the normal acreage of sorghum was ‘planted 
for syrup purposes, the largest acreage since Civil War times. Spring 
wheat figured as a crop of considerable importance, the acreage increasing 
from an inconsiderable amount to over 43,000 acres in 1918 and a further 
marked increase in 1919. Buckwheat production made a marked increase, 
as in Civil War times. 

As a result of the decrease in the acreage ordinarily given over to 
meadows and pastures, the planting of short seasoned hay crops such 
as peas and oats, millets, sudan grass, corn for fodder, sorghum, soy- 
beans, ete., was greatly increased, 
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The effect of the war was also apparent in its influence on our seed 
stocks and seed production. Owing to the cutting off of foreign importa- 
tions of clover seed and unfavorable conditions for production, seed of 
this important legume was very scarce and demanded an extremely high 
price, ranging from twenty-five to thirty-two dollars per bushel for red 
clover and mammoth, and from twenty-two to twenty-eight dollars for 
alsike at retail during the spring of 1918. 

During the past four years the production of hairy vetch seed (formerly 
imported from Russia) has increased very markedly in Western Michigan, 
and bids fair to remain as a permanent industry. 

The production of seed of crops not usually handled in the State such 
as millet and alfalfa was noted in occasional instances. In the case of 
sweet clover the acreage was greatly expanded and seed production in- 
creased very considerably. 

The alfalfa seed situation was bettered if anything by war conditions 
though the price was high and the seed not too plentiful. The cutting 
off of Turkestan and Arabian seed threw American producers on their 
own resources, and a much larger quantity of American seed was produced 
than usual in western states. The more wide spread use of seed from the 
northwest gave a much higher percentage of successes with alfalfa in 
Michigan. ;The acreage of this crop gained rapidly. 

The rape seed on the market was almost entirely of Japanese origin, 
littlefof the Dwarf Essex being available from Europe. 

The Michigan sugar beet companies, faced with the shortage of imported 
seed, increased the production of sugar beet seed to the extent that many 
of them were able to produce from one-third to one-half the seed needed 
for the acreages contracted under their direction. Sugar beet seed pro- 
duction before the beginning of the European war in 1914 was practically 
unknown in Michigan. 


Threshing variety series of wheat. 
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The success of the Rosen Rye and Red Rock Wheat in this and other 
states, and the increased interest in improved varieties, brought these 
varieties into great demand. The Rosen Rye is now the most widely known 
rye variety in the United States, and an extensive seed demand from out- 
side sources has arisen. The Red Rock Wheat is one of the most widely 
grown varieties in Michigan and is recognized by millers of Michigan 
wheat as being excellently suited for bread flour making purposes. When 
it is considered that these varieties left the hands of Plant Breeder, 
F. A. Spragg only seven years ago in the case of Rosen Rye, and six years 
ago in the case of Red Rock Wheat, the remarkable importance of this 
phase of crop improvement work is apparent. Further details in regard to 
the performance of these varieties will be given in Mr. Spragg’s letter, in- 
cluded in this report, and the report submitted by Extension Specialist, 
Mr. J. W. Nicholson. 


CROPS EXPERIMENTS. 


In order to meet the need for information relative to the comparative 
value of short seasoned hay crops planted at various dates, Professor 
C. R. Megee was delegated to plant a comparative series including 
varieties of peas and oats, varieties of millet, sorghum, sudan grass, soy 
beans broadcasted, corn closely drilled, vetch and oats, et cetera. This 
experiment gives promise of giving valuable results. 

Extensive ear-row work and merging plat work with carefully selected 
ears of leading corn varieties was begun under the immediate. charge 
of Mr. J. R. Duncan. The usual variety test, including a number of 
varieties of known value and possible worth, was planted. 

In addition, sectional variety tests including numerous oat and barley 
varieties were planted at sixteen different points in the State, ranging 
from Lower Michigan to the Upper Peninsula. Twelve corn variety tests 
at various points in the State werefalso arranged and planted. These 
tests were planted on soils ranging from muck to heavy clays. 

Three and one half acres of the Crops department ground was again 
given over to the Bureau of Plant Industry flax work. This experiment 
includes the testing and increase of numerous pedigreed and commercial 
strains of flax, and also the effect of various fertilizer treatments on flax. 


= ee Sag 
ha em ee, 


The Fibre flax nursery and increase plats. 
(Bureau of Plant Industry U. S. D. A. co-operating with the Michigan Agricultural College) 
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REPORT ON PLANT BREEDING WORK. 


The plant breeding work has increased to a considerable extent under 
the direction of Plant Breeder, F. A. Spragg. The acquisition of more 
land has made possible the planning of definite rotations including clover 
for the various small grain and cultivated crop breeding plats. In a recent 
statement, Plant Breeder Spragg gives the following facts in regard to 
the plant breeding work: 

Crop improvement projects with the following crops are at present in 
process: alfalfa, barley, beans, broom corn, clover, corn, dae hemp, oats, 
peas, rye, sorghum, sunflowers, sweet clover, timothy, vetch and wheat. 

The work with these crops involves the following processes: variety 
testing; beds, centgeners, and plant notes; plant-row testing; milling and 
baking; increase; crossing and hybridization; segregation of hybrids; 
selfing; and inheritance studies. 


ALFALFA VARIETAL SERIES. 


The present series was planted in May 1918. It contains thirty-one 
plats including two edges, eight check plats and twenty-one other varieties. 
Seven of these varieties were produced in the alfalfa breeding work at 
Rocky Ford, Colorado. The remaining fifteen strains come from the 
breeding work at M. A. C. One of these is used for checks and edges. 


Rosen Rye Improvement. Increasing selected strains of Rosen Rye which are planted in 
wheat series with heads protected from cross pollination by cheesecloth covering. 


The alfalfa series furnishes a comparative yield test and increase of 
the better strains for distribution. This series should run for two years. 
The seed from previous nurseries has been distributed to county agricul- 
tural agents for increase in their various counties in order that a seed in- 
dustry may be started. Alfalfa production in Michigan will be on a much 
more sound basis when the production of seed in Michigan is placed on a. 
practical basis. 
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ALFALFA BREEDING NURSERY. 


This nursery was set out in June 1918. It contains over 8,000 individual 
plants from which individual hay and seed yields are obtained. Plants 
that produce seed are tagged, hung up to dry, weighed, and threshed 
individually. The seed is placed in individual envelopes in order that 
individual seed records may be obtained, and to provide seed of those se- 
lected as mothers of the next generation. Non-seed producers are simply 
weighed and recorded. Threshing the seed, calculating the yields for hay 
and seed is done during the winter. The better producing plants from the 
highest yielding strains are then selected, and the selected seed sown 
about the first of May and the plants set out in the new nursery in June 
£920..-° 

BARLEY TESTING. 

There are forty plats in the larger barley series, each 420 feet long 
and a series of thirty-one smaller plats including those that have come 
recently from the plant-row and centgener series. In the spring of 1920, 
these two series will normally be united into one large series. 


BARLEY NURSERY. 


There are 75 centgeners in the 1919 series belonging to the third filial 
generation from crosses. 


BARLEY INCREASES. 


The Mich-2-row and the Black Barbless barleys are being increased. 
This increase contains fifty-five rate of seeding plats including the neces- 
sary edges and checks. There are over two acres planted to Mich-2-row 
for increase. 


BEAN VARIETIES. 


There are one hundred ten plats in the 1919 varietal series. These 
are mostly strains that have successfully passed the plant-row series. 
Some of them are farmer’s varieties which have been highly recommended. 


BEAN NURSERY. 

This nursery includes 161 centgeners originating from crosses made 
by Mr. G. W. Putnam during the winter of 1916-’17 and are in the third 
fihal generation. 

BEAN PLANT ROWS. 


In the fall of 1918 over three hundred plant selections were made from 
the fields of thirty farmers widely distributed over the State. The purpose 
was to obtain new and more valuable varieties. Three hundred plant-rows 
were planted from these beans in 1919. 


BROOM CORN. 


The high price of broom material during the war aroused some interest 
concerning the possibility of growing broom corn successfully in Michigan. 
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In order to furnish small amounts_of seed of the highest value, a number 
of individual plantzselections were made in 1918. Eight of these were 
planted in the plant-row series of 1919. 


CLOVER NURSERY. 


The clover nursery contains six progenies and the checks and edges. 


CORN SELECTION PLATS. 


There“are. six corn selection plats, three of about one-half acre each, 
the others occupying less acreage. There are twenty-six plats in the plant- 
row series started by Mr. Down. The ears have been selfed and the notes 
taken to determine their trueness to type and the desirability of the various 
strains for increase. 


HEMP CENTGENERS. 


Hemp for fibre is a promising industry in Minnesota and Wisconsin. 
Michigan also offers a field for the development of this crop. In taking 
up the work in 1918, three beds were planted from the most promising 
strains that Mr. Dewey (B. P. I.) had to offer. One of these varieties 
failed to ripen, and the highest seed producing plant was selected out of 
each of the other plats. These two plants became the mothers of the 
centgeners in 1919. 


OAT BEDS. 
Ten of the beds were planted in 1919. Oat variety series and centgener. 
work will occur in rotation in 1920. 
OAT PLANT ROWS. 
There are eighty plant-rows, the best ones of which will go to a one_ 
hundredth acre variety series in 1920. 
OAT INCREASES. 
Five varieties are being increased in 1919 to renew the pedigreed seed 
of the varieties now in the hands of the farmers commercially. 
RYE SELFING. 


When the Rosen Rye was first distributed it was frequently planted 
alongside of common rye and being open pollinated, was frequently 
crossed. In order to provide a source of pure Rosen Rye over three hun- 
dred plants were planted in the wheat variety series at the Experiment 
Station. These were staked and hooded to obtain self fertilized seed. 
This seed will be planted in isolated places for increase in 1920. 


RATE OF SEEDING ROSEN RYE. 


The tests planted for 1919 contain five rates of seeding, with checks 
and edges. 
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DATE OF SEEDING ROSEN RYE. 


This test includes plantings beginning September 16, 1918, continuing 
at five day intervals until November 21st. Spring plantings have also 
been made on April 9, April 22, and May 13. The results have not been 
calculated, but the indications are that seedings made previous to October 
15, gave much greater yields. Seedings made in late October and November 
gave comparatively light yields and the spring seedings failed to give a 
crop. 


EARLY AMBER PLANT-ROWS. 


Variety tests indicate that the Early Amber is best suited for Michigan. 
Plant selections were made of this variety in an endeavor to find better 
strains of sweet sorghums to increase. 


SUNFLOWER PLANT-ROWS. 


Sunflowers are attracting considerable interest for ensilage purposes, 
and during the war period was looked to as a possible source of oil suited 
for paint purposes. 

The variety series of 1918 showed that all varieties tested were mixtures 
and most of them susceptible to rust. Selections were made that were 
somewhat resistant to rust for use in the plant-row series of 1919. 


ANNUAL SWEET CLOVER. 
An annual form of sweet clover, originated in the breeding work at 
the Iowa Experiment Station, is being increased. 
TIMOTHY TESTS. 


The lots of timothy seed originating from the selfing of four superior 
strains, produced from the breeding work of past years, were placed in 
a yield test last fall. The checks and edges are commercial seed. 


TIMOTHY SELFING. 


The four plants that proved to be the highest producers in the clonal 
series were divided and transplanted into separate patches in 1917. Thess 
were surrounded by rye in 1918 and again in 1919 to protect the strains 
from crossing. 


VETCHES. 


Selection work is being tried with spring vetch that came from Svaloef, 
Sweden. 


WHEAT YIELDS. 


There are forty-four plats in the 1919 wheat variety series. The varieties 
are mainly the new strains produced by the breeding work of previous 
years, including several other varieties. The series to be planted this fall 
will be considerably larger. 
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WHEAT BEDS. 


Thirty-three new varieties were placed in beds in 1918 for selection 
in 1919. 


WHEAT CENTGENERS. 


There are one hundred and three centgeners. The 1919 nursery repre- 
sents the third filial generation from crosses made in 1916. 


WHEAT HEAD SELECTIONS. 


Thirty head selections were made in 1918 for increase and testing in 
1919. 
WHEAT INCREASES. 


Five new wheats are being increased to enable distribution for testing 
and to allow milling and baking. 


WHEAT CROSSING. 


Twenty-three plats were planted to enable the crossing work now needed 
in the progress of the wheat breeding work. These crosses were mainly 
between our best stiff strawed varieties and the weak strawed western 
varieties that have proved more winter hardy. 


RATE OF SEEDING WHEAT. 


The Red Rock Wheat was seeded at six different rates. This test in-- 
cludes the checks and edges necessary to a regular variety test. 


DATE OF SEEDING WHEAT. 


The work of the present season is a continuation of the work started 
by Mr. Down in 1917. The purpose is to discover the date suited to the 
highest average yield of wheat. The dates begin early in September and 
continue into October. 

During the past year the following have been on leave of absence during 
military service. 

K. E. Down, Corporal, C. O. H., 58th Inf., A. E. F. overseas service 
June 30, 1918 to June 30, 1919. 

A. L. Bibbins, Sergeant, M. T. C. 375, A. E. F. overseas service, June 
30, 1917 to June 30, 1919. 

J. F. Cox, Ist Lieutenant, Air Service A. P., August 25, 1918, to January 
Ist, 1919. 

During the absence of Mr. Down, Mr. Floyd Curtis has capably as- 
sisted in the plant breeding work. Mr. C. W. Straight was added to the 
staff as foreman of the field forces, this department having been carefully 
reorganized. 

I take pride in reporting the patriotic spirit and unswerving endeavor 
on the part of the members of this department engaged in Experiment 
Station work during the past year. I am particularly grateful to Mr. 
F. A. Spragg for his attention to the management of the section during my 
absence. 

- Yours truly, 
Jee ee OR 
Professor of .Farm Crops. 
East Lansing, June 30, 1919. 
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METHODS OF PLANT BREEDING EMPLOYED AT THE MICHI- 
GAN AGRICULTURAL COLLEGE. 


FT A. SPRAGG: 


The plant breeding work of the Michigan Agricultural College has pro- 
duced several varieties of grain which have become important factors 
in the State. Of these, the Rosen Rye, Red Rock Wheat, and Worthy 
Oats are the most widely grown. At least seventy-five per cent of the rye 
grown in the State is Rosen, and the Red Rock is without doubt the most 
widely grown red winter wheat. When it is considered that these varieties 
were distributed in 1912 and 1913 respectively, the effectiveness of the 
combination of plant breeding work with a good system of distribution 
is apparent. 

There have been many inquiries in regard to the methods followed, 
and in order to clear up these questions the following brief description 
is submitted. 


VARIETY TESTING. 


This work consists in the gathering of promising varieties from any and 
all sources that are likely to furnish them, viz., farmers, seedsmen, experi- 
ment stations, and through the U. 8. Department of Agriculture from 
around the world. These lots are given accession numbers as they are 
received. The record includes name of variety, source, date received, 
amount received and remarks. 


Wheat Variety Series—Red Rock used as check occurring every fourth plat. Note superior 
stiffness of straw of Red Rock (center row). 


’ 


The varieties are planted in a duplicate series of long and narrow 
plats side by side, if land permits, or if not, they are planted in sections 
of the same. On either side of each section is an edge plat that exists 
simply to give the real edge of the series as nearly the same conditions as 
any interior plat. The yields of the outside edges are disregarded at 
harvest time. 
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The standard variety or check occupies the real (interior) edges of each 
section of the variety series, and is repeated on each fourth (or at least 
fifth) plat throughout the series. 

At harvest time the yields are obtained carefully for each plat in the 
series. The interpretation of these results depends upon the yields of 
the standard, as found on the check plats, and as calculated for the other 
plats by interpolation.* The coefficient of yield’ (calculated for each plat) 
is the quotient of the actual or found yield of the variety growing there 
divided by the calculated yield of the standard for the same plat. Or, 
considering the standard as 100% these coefficients of yield are the decimal 
expressions of the per cents that the varieties in question bear to that. 
of the standard variety. An average is now taken between the two 
duplicate coefficients of yield obtained for a variety, in the same year. 
As these figures are based on unity, they are not influenced by the varia- 
tions in the yield of the standard from year to year now on different soils. 
This makes it possible to average the yearly results, as long as they run 
without danger of obtaining a weighted average. 

In all this class of work, the series planted in the earlier years include 
unimproved varieties of unknown value, but as time goes on the poor 
yielders are excluded and little by little improved varieties take their 
place. 


BEDS, CENTGENERS, AND INDIVIDUAL PLANT RECORDS. 


The individual seeds are planted far enough apart so that the roots 
will not interlock during growth, and at approximately equal distances 
that the individual plants may have equal chances to develop. In case of 
corn and beans the seeds are dropped by hand in rows of the ordinary 
field width. In the case of alfalfa the seed is planted in beds too thick 
for more than six weeks development. The better plants are then trans- 
planted to positions three by three feet in the nursery which is a centgener 
in a plant-row series when the seed comes from a selected individual 
plant. The difference between a bed and a centgener is that the bed is 
planted from a lot of seed that is not a progeny. It may be commercial 
seed. A centgener is a progeny plat planted from the seed of a single plant. 
Beds and centgeners are planted by what is known as the centgener 
method of planting. , 

In the case of small grains, the seeds are usually dropped five by five 
inches apart by means of a special centgener planter in belts twelve plants 
(five feet) wide. 

The more promising plants are selected out of the beds to become 
mothers of plant-rows, if they are homozygous, or they are planted in 
centgeners if thought to be heterozygous. The seed of superior plant-rows 
together with the centgeners, that did not segregate, are tested further 
in variety series. 

Individual plant records are made with all of the plants in a perennial 
nursery like alfalfa where the results are not obtainable in any one year 
and selections can not be made until all of the results are together. 

In the case of centgeners originating from crosses, the plants are classi- 
fied into their phenotypes and counted. Then the superior individuals of 
each phenotype are tied up separately and taken to the laboratory for in- 
dividual plant notes. Sometimes the segregations are such that a full 
classification can not be made until the plants are threshed individually 
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Alfalfa Improvement Work—Individual Plant Row and Individual Plant Study. 


as in the case of wheat crosses involving color and hardness of grain. When 
such segregations are important, plant notes may need to be taken on 
all of the individuals of the phenotype involving the other desirable 
characters. The final selections are made on the basis of the segregations 
revealed by the individual threshing. 


PLANT-ROW TESTING. 


The seed from selected homozygous plants are planted in a plant-to-row 
series with frequent checks.for comparison. The seed of selected heterozy- 
gous plants go to centgeners to allow segregation and reselection. 

In the case of corn the ear-row test is in fact a row series of centgeners. 
Some of the plant-rows can be discarded at harvest time by inspection. 
Others go on to 1-100 acre plats and later to the regular variety series. 

In corn work, ears from selfed plants will be subjected to the ear-to- 
_ row tests in order to decide on the most desirable and productive strains. 
Remnants of the ears will be saved for future planting. 

Trueness to type is one of the main points to be looked for in the plant- 
to-row work. In the self-fertile plants these progenies generate pure- 
lines that can go directly into the variety testing work. In the case 
- of corn and rye the problem is more difficult, and the types are fixed 
more slowly. 


MILLING AND BAKING. 


The problem is first to find a wheat that has the sufficient hardiness 
and yielding ability to justify quality testing. 

The milling work began_in 1911 with the wheats then in variety test 
and continued until 1916.9 It then}became\knownjthat the Red,Rock 
was the only one that stood a high, baking test among the stiff strawed 
practical Michigan varieties. The work has rested for the production of 
new wheats from the breeding work. It is planned to resume the work 
in 1919 on wheats originating from crosses in 1912. The milling will be 
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done by us, but the baking will be carried through by the Department of 
Chemistry. 


INCREASING. 


New high producing strains that have proven their worth through 
testing in the variety series are grown in larger plats. The purpose 
is simply to obtain enough grain to allow distribution to farmers. 

In this work, the aim is to distribute the best that the Station has 
to offer, and then to distribute other promising ones as they appear and 
demand presents itself. 

Distribution sometimes occurs for the purpose of testing a new thing 
in various parts of the State. It is being realized that to discard all of 
those that are not the highest yielders at M. A. C. may mean the loss of 
a variety that would be of considerable value to the farmers of some local- 
ity. Distribution sometimes occurs because of a quality other than 
yield. As an illustration, a smooth awned barley has been distributed. 


CROSSING AND HYBRIDIZATION. 


The first thing is to see what nature has to offer. Thus in wheat the 
early years were devoted exclusively to pure-lines, isolation, and their 
testing in variety series. 


Wheat Crossing Work—showing method of protecting spikelets after hybridizing. 


When it became known in 1912 that the hardiest and best milling wheats 
were all weak strawed kinds and therefore unsuited to Michigan Agricul- 
ture, crosses were undertakén between them and the better stiff strawed 
strains. 

The object of crossing is to combine characters found in separate 


© 
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varieties that are not at present combined in any known strain. Cross- 
ing involves considerable work in the following generations before the new 
type can be fixed and tested. 

In open fertile or allogamous crops, one must not forget that vigor may 
be lost through too rapid in-breeding. 


THE SEGREGATION OF HYBRIDS. 


For each alternative pair of hereditary characters in which the parents 
of the hybrid differ, a geneplex results. This, no doubt, means that a pair 
of chromosomes carry the determiner for these characters. One of these 
are of maternal and the other of paternal origin. They exist together 
in all the cells of the first generation hybrid. The two chromosomes of a 
pair come to lie side by side at the metaphase of the heterotypic division 
when the hybrid produce spores and eventually gametes. 

What is true in the case of one genoplex will be true for the others. 
The resulting gametes will each carry one of the alternative characters 
of each genoplex. The various gametes will carry the chance combina- 
tions of these alternative characters. Thus after fertilization, the result- 
ing individuals of the second generation come by the chance combinations 
of the resulting gametes. The second filial generation is thus composed of a 
mixture of individuals possessing all combinations of the segregating paren- 
tal characters. 

The seeds obtained from a cross are planted in a bed in the first filial 
generation, and from this bed selections are made to become mothers of 
the progenies of the second generation. The centgener method is used in 
planting progenies that are apt to segregate. 


Self pollinating work with corn. 


This is necessary to allow the classification of the plants into their 
phenotypes and to make individual plant selections for the mothers of 
the next generation. 

In the ease of the self-fertile crops, plant selections are made and cent- 
geners planted in each generation until races breed true to seed. In the 
case of the allogamous (open fertile) crops the plants may need to be selfed 
in order to gain the purity desired. 
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SELFING. 


Selfing is an artificial method of causing naturally allogamous plants 
to self-fertilize. This method results in what naturally occurs in the case 
of autogamous plants. Selfing allows homozygotes to appear and to 
be isolated. In corn the method consists in bagging both ear and tassel 
before the silks appear and before the pollen shatters. When the silks 
are ready, the pollen collected from the tassel is used to pollinate the 
silks on the same stalk. 


SYSTEMATIC STUDIES IN INHERITANCE. 


In making crosses, it often happens that characters are involved that 
are not familiar to the experimenter. In order to proceed intelligently 
it is necessary to make extensive statistics on the populations resulting 
from the generations following the cross, and to make the calcula- 
tions necessary to determine the relation of certain characters correlated, 
allelomorphic, or independent. If allelomorphic (alternative) which 
character is dominant, and how many independent factors are involved in 
the gap between the two characters. 

These questions may be answered by means of the following considera- 
tion: 

a. Correlated characters are always found together in the same plant. 

b. Dominance can usually be told by the appearance of the first filial 
generation. The dominant character is normally found in three times 
as many plants (in the second filial generation) as those that_express the 
recessive character. 

‘¢. A pair of allelomorphic characters generate a single genoplex, 
and are probably represented by a single pair of chromosomes. 

d. Independent characters generate at least two genoplexes, and 
must be represented by different pairs of chromosomes. 


RATE OF SEEDING. 


In the case of new varieties the grower should know the rate best suited 
for the planting. Varieties vary greatly in stooling power. The size of seed 
produces varying numbers of seed in a given weight and measure. This 
increases the need for experimental tests. 


DATE OF SEEDING. 


As crops and certain varieties also vary greatly in the way they adapt 
themselves to a season, investigations on date of seeding are as important 
as the rate of seeding, 
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OAT IMPROVEMENT:! 
BY FRANK A. SPRAGG. 


Looking toward the improvement of the Michigan oat crop, the im- 
portant problems to be considered are the best variety to grow, and the 
cultural methods that will increase the production, regardless of the 
variety. One of these is just as important as another, since the best variety 
will fail if burnt up by drought, drowned by poor drainage, consumed by 
smut, or if starved to death for lack of plant food. 

In seeking the best variety, many farmers are deceived by the condi- 
tions under which the crop grows. <A typical case is that of a certain 
farmer, who had an extra high yield, which attracted such widespread 
attention, that other farmers traveled miles from all directions to buy 
seed from him. This farmer did not have a highly superior variety, 
which would continue to give better yields than other varieties under 
poorer conditions as many thought, but the high yield was largely due 
to the fact that he was a good farmer living on a rich piece of land im- 
proved by proper rotation and fertilization. He believed in plowing and 
fitting the land so as to give his seed the best chances to grow. He used 
two hundred pounds of acid phosphate per acre that his crop might stand 
up, mature earlier and produce better under his conditions. He believed 
in fanning out all weed seed and saving his crop from the ravages of smut 
by the simple formaldehyde treatment. This alone may have saved him 
ten bushels per acre that would have otherwise gone to smut the threshers 
faces, and make the passer-by think his barn was on fire because of the 
dust. Those who did not plant the seed that came from this splendid 
field under equally good conditions, suffered a great disappointment as 
they did not get the results expected. 

A neighboring farmer of similar soil who used a high yielding pedigreed 
variety, but neglected some of these factors might have an inferior yield. 
Pedigreed superior varieties have greater capacity than ordinary varieties 
to utilize plant food and turn it into grain. They ‘will therefore produce 
more than the unimproved grains under the same conditions. Thus we 
must remember that the selection of the variety while an essential to 
maximum production, is only one of a number of factors necessary for 
success. 

Michigan has such a great variety of conditions (soil and climate), that 
it is not possible to obtain any one variety that will suit all of these condi- 
tions. There are the low flat, recently drained parts of Saginaw and Bay 
counties where Mr. DeGuss has introduced the Strube Oats with great 
success. There are ill drained conditions in some parts of southern 
Michigan where ordinary varieties are caught by hot sun before they are 
ready to ripen. Those localities may need extra early oats of the type of 
the Kherson, or Sixty Day. The Swedish Select is an old variety that seems 
to be especially suited to the north. It is also favored by scattered farmers 


1The data contained in this paper having to do with the consensus of opinion among 
farmers, is largely compiled from data gathered by Mr. J. W. Nicholson, Secretary, Michigan 
Crop Improvement Association. 
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in the Lower Peninsula. Nearly every neighborhood has its favored 
varieties, and many people have suffered by discarding an old variety before 
they were sure that something better was in sight. It is best to test the 
new variety along side the old and make a change only when sure that the 
new variety is superior. 

The Michigan Agricultural College has been breeding oats during the 
past twenty years, and in recent years some of the improved strains have 
been distributed through the Michigan C rop Improvement Association. 
It is desired that the farmers of Michigan will plant these varieties along 
side of their own and be the judge as to relative yields. In the end, there 
may be no variety superior for all conditions, but if each farmer can have 
the best variety for his own conditions, the greatest good is attained. 

In order to draw reliable conclusions in regard to the productiveness 
of a variety, it is necessary to try it side by side with a standard variety 
under identical conditions. Because of the vs ariability of soil, cultural, and. 
climatical conditions, the bushels per acre are deceiving, unless the yield 
of the standard variety is also given. To express this in one figure the 
percentage method is valuable. 


THE EARLY WORK. 


The Alexander and College Wonder are two of the strains that origi- 
nated in the work of Prof. J. A. Jeffrey who made sixteen individual plant 
selections from an old variety known as the American Banner in 1900, 
and so planted and selected them that the lines passed through an indivi- 
dual plant annually until 1906. By that time nine of the original sixteen 
races had been discarded as inferior strains. However, most of these lines 
had been allowed to branch, each branch being continued through an 
individual plant annually. One of the lines contained six such branches. 
In all nineteen strains of American Banner were handed to the writer in 
1906. Similar selections were made from Big 4 in 1900, but all but two of 
these lines were dropped before 1906. These proved inferior to the Banner 
selections during 1906-1908. 

In 1907, the writer planted Prof. Jeffrey’s nineteen individual oat plants 
in separate plats for comparison, and was convinced of the similarity if 
not the identity of the lines, originating from a single plant in 1900. 
This series was again run in 1908 with similar results. By 1909 represen- 
tatives of the various strains had been increased enough to plant in a 1-20 
acre series, where the oat then grown on the College farm was used as 
a-standard or check. The plats were six feet wide and about 360 feet 
long, with checks each fifth plat in the series. One of these strains was in- 
troduced to farmers under the name of Alexander in 1911, and a second 
was introduced in 1914. The latter is known as the College Wonder. 
During the time that this work was being done, it was believed that oats 
may be continually improved by selections within a pure line.2 In fact, 
the stability of a pure line was not generally known by most agroano- 
mists until 1912. The theory of the day was also practiced by the writer 
until 1910 when the results of testing Prof. Jeffery’s oats had shown the 
fact that selections within pure lines are without results. . Also, during 
these years, it was found that when the progeny of different individual 


2Tt was during these years that Johannsen of Denmark was doing his epoch making work 
on beans, which has now become renowned as “Johannsen’s Nineteen Beans.” 
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plants can be sown side by side, many of them are easily eliminated on 
observation. They have weak straw, or various characteristics indicating 
that they would produce unpractical commercial varieties if increased. 
The improvement of an old variety rests upon the isolation of its various 
strains and the increase of the best. 

The value of the plant row series, as a means of determining yield 
is variously estimated by the different crops breeders in the various 
states. Whether the plant row series is accurate as a yield series or not, one 
thing is certain: any one who has had one of these series planted with 
frequent checks for comparison would have no doubt in his mind regarding 
the inferiority of certain strains. He would discard them on sight. The 
attitude that has been taken in this work is that the strains that appear 
to be equal or superior to the check are the only ones worthy of con- 
tinuing. Others are easily eliminated in the 1-100 acre series that usu- 
ally follows the plant-row test. By this means only promising strains 
enter the variety series. 


PURE LINE WORK. 


Beginning with 1906, a new method of breeding small grains has been 
in use. This plan consists of making large numbers of plant selections, 
from as many commercial varieties as were available, and to compare the 
selections with each other in a series of individual plats. The plant-row 
series with frequent checks is the most satisfactory form of the series. 

Selections were made from five new sources in 1906, seventeen new 
sources in 1907, another seventeen sources in 1908, two new sources in 
1909, and forty-eight new sources in 1910. Thus new sources of seed, 
coming from farmers’ seedsmen, experiment stations and the U. 8. De- 
partment of Agriculture (the latter collected from all oat growing coun- 
tries from around the world) have been added to the list until now (1919), 
there are 150 numbers. Newly selectioned plants are added to the list 
annually, and tested out in plant-row series. 

This has resulted in the elimination of many original sources of seed.* 
Others were represented by just one pure line apiece when they enter the 
variety series. 


YIELD TESTING. 


Twenty years ago the method of testing the yielding ability of varieties 
was very crude as we view it today. Usually the experimenter depended 
upon one plat to the variety, and he may, or may not, have had checks in 
the series. Perhaps he had a check on either side of the field and one in 
the center. These plats were so nearly square that it was not possible 
to duplicate results. The variation in soil between plats was usually 
greater than the variation among the yielding abilities of the varieties 
under test. Such work is of comparatively little value under Michigan 
conditions. 


*The Big 4 Oats was discarded in 1908 after two years testing. Big 4 Oats had been 
received from two sources at that time. Long’s White Tartar, Picketts’ American Banner and 
Swedish Select, were also dropped in 1908. The Sixty Day Oats was dropped in 1911. In 
that year the Station had over two hundred pure lines of oats under test. These represented 
the choice of those that had been gathered during the years 1906 to 1911. The last strain ot 
the following varieties were discarded in 1912: Tartar King, Minnesota No. 26, Progress, 
Joanette, Chinese, Garton No. 564, Garton No. 691, Clydesdale, S. P. I. No. 21,672, S. P. 1. 
No. 22,005, S. P. I. No. 23,295, S. P. I. No. 24,846, S. P. I. No. 24,847, Wyoming, Spanish, 
White Hungarian, White Kirche, Anderbeck, Beseler II, Probestier, Beseler I, Beseler III, 6 
varieties from Spain, Duppau, 4 varieties from Germany, Barly Sensation, Fichtellbirge, Side 
Oats, and Black Oats. 
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Experience is a good teacher, and it seems that experimenters get their 
education that way. Especially is this true when science has not offered 
reliable methods. Thus the years of 1906 to 1913 were used in working 
out a reliable method of variety testing at the Michigan Station. Until 
1911 the plant-row series with frequent checks was the most reliable plan 
that had been devised. In later tests of larger quantities, many ex- 
perimenters would multiply the number of these rod rows scatter them 
among the others and depend upon the average of the results obtained to 
indicate the relative yield of varieties. This is known asa reduplication 
series. The difficulty that the Michigan Experiment Station has found (in 
this class of work) is that very small losses of grain in these plats upset 
the results and that the amount of labor necessary made the testing of 
large numbers of strains out of the question. 


: 


Kig. 1. A portion of the 1914 oat variety series. Each variety is planted in a long 
narrow strip. Each fifth plat (strip) is planted from the check or standard variety with 
which all of the other varieties are compared. Hach plat is four drills wide and about 400 
feet long. Two such plats can be planted at one trip of an eleven hoe drill, planting four 
hoes on either side and leaving three hoes vacant in the center for an alley. <A thirty inch 
alley is allowed between the drill widths. The length of the plats should be at least twenty 
times the distance between the centers of the check plates, because of the soil variability, and 
to permit the calculation of a check yield for each and every plat of the series by interpolation 
between the yields of adjacent checks. This method (it will be noticed) combines the benefits 
derived from two principles, viz., reduplication and checks. As each plat crosses a large 
number of soil conditions, it is in reality a reduplication. ‘Che series are also duplicated an- 


nually. 


Figure 1 illustrated the method of variety testing now in use. Hach 
plat is a long narrow strip and therefore crosses a great variety of 
soil areas. it is as efficient as a reduplication series. It has the advantage, 
because the elements are end to end and can be cut collectively at one trip 
of the binder. The shocks belonging to a plat are set up ina row and 
can easily be brought together at threshing time. The series are dupli- 
cated each-year. The duplicate series usually follow each other. 

After threshing the grain is recleaned in a fanning mill and weighed. 
The results are recorded in pounds per plat. In order to reduce these 
results to a uniform basis the corresponding yield of the standard 
or check variety is also calculated for every plat of the series. This calcula- 


4The sum of the yields of the reduplication plats is found by means of the binder instead 
of by means of the adding machine. 
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tion is based upon the fact that the plats are about twenty times as long as 
the distance between checks, and therefore one is justified in assuming 
that the soil fertility varies continuously between checks.’ The yield of 
the check plats are determined in the same manner as those for the other 
plats. The check-yields for the intervening plats are determined by 
proportion of distance to the difference between the yields of adjacent 
check plats. In the results that follow the figures in column P are the 
actual yields in pounds per plat for the varieties in question, and those 
in the column C are the calculated yields of the check variety for the 
same plats. In order*to reduce this result to one figure, the yield is rep- 
resented as a per cent of the yielding power of the check variety.* 
It is desirable to run the entire series twice each year, and take an aver- 
100P i ay 
) coefficients of yield obtained for the duplicate 


age between the ( 


plats. 


TABLE]. A PORTION OF THE OAT,YIELDS 1911. 


P—Actual yields in pounds per plat. 
C—Calculated yield of check variety for each plat. 


One Series. Duplicate Series. Ave. 

Strain Variety. | 

No. 100 P . 100 P 100 P 

1 C. G: 124 C. C: C. 

61601 | Check (Alexander)....... 58.3 | 58.3 100.00 | 69.8 | 69.8 100.00 | 100.00 
60401 | American Banner........| 73.0 | 62.64 |} 116.54 | 61.6 | 68.6 89.80 | 103.44 
60501 | American Banner........| 83.6 66.98 124.81 fled 67.4 106.08 115.44 
61201 | College Wonder......... 92.7 | 71.32 | 129.98 | 66.0 | 66:2 99.70 | 114.84 
61301 | American Banner........| 84.5 | 75.66 | 111.68 | 71.5 | 65.0 110.00 | 110.84 
61601 | Check (Alexander)....... 80.0 | 80.00 | 100.00 | 63.8 | 63.8 100.00 | 100.00 
61501 | American Banner........}| 85.8 | 81.94 104.71 66.5 | 63.36 104.96 | 104.83 
OZ OSs EWOrthy cles ee 78.6 | 83.88 93.71 | 64.0 | 62.92 | 101.72 97.71 
628035|| JOanebttes:c.c cess sca one Bie tsiaerse 41.02 | 39.0 | 62.48 62.42 51.72 
70503 | Golden Fleece...........) 72.6 | 87.76 82.73 | 62.7 | 62.04 | 101.06 91.89 
61601 | Check (Alexander)....... 89.7 | 89.70 | 100.00 | 61.6 | 61.60 | 100.00 | 100.00 
70806 | Clydesdale.............. 81.4 | 88.92 91.54 | 69.8 61.16 114.13 102.83 
76003 | Improved American..... 83.0 | 88.14 94S 75 | 6OF 72 | V1 75) 12105296 
mosOOle| ss OaAnNebtOne ace Le ae tose 69.3 | 87.37 GOeES3 | 5S 60.28 94.89 Sie it 
MGSOSMIPRTOLTOSS= Gn ie. eo can 65.4 | 86.58 75.54 | 54.5 |_59.84 91.08 83.31 
61601 Check (Alexander)....... 85.8 | 85.80 100.00 | 59.4 |,.59.40 100.00 100.00 


Table I presents four checks and the plats between them in the order 
they were run in the 1911 variety series. It also gives the results of 
the duplicate portion of the series dealing with the same varieties. It is 
easily observed that the values of C vary from one check to the next 
according to distance and difference between the yield of adjacent checks 
(They are straight line interpolations between checks). The results of 
plant-row series are not expressable by this means, as their interpretation 
is largely observational. The small plats of earlier years were nearly all 
threshed with a flail. As losses are unavoidable by this means, the data 
are not reliable plat results. The 1910 series was planted by the edge 
of muck and certain areas lodged. 


5 Rarely there is a reason to think that the zigzag fluctuations of the check yields does not 
represent real variations in yield. In such cases a curve like y—a-+bx-+cx? is used for 
short. distances, : 

®This is known as the coefficient of yield and is determined by dividing the P by the 
corresponding C, and multiplying by 100 to reduce to the form of per cent. If one wishes 
these results in bushels per acre, it is only necessary to determine (the 100%), @ reliable 
figure for the standard variety in bushels per acre. 
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Table IL gives the results of the larger oat plats for L909 and 1910. The 
Alexander which yielded an average of 67.7 bushels per acre in 1910, on 
the college plats is used as 100%. Taking the average of the coefficients of 
yield for a variety it is easy to find the corresponding bushels per acre. 
From these results, it is observed that the Alexander (61,601) and Worthy 


(62,704) were the only varieties that yielded more than 67 bushels per 


acre. 
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Because of the results these varieties were increased on the College 
farm and a bushel of each variety was distributed toffarmers in 1911. The 
general distribution began in 1912, and during the next two years farmers 
generally reported the Alexander and Worthy as yielding ten bushels per 
acre more than their old varieties, when planted side by side. 


Fig. 3. A field of Worthy Oats on the College farm (field No. 8) in the summer of 1912. 
It averaged seventy-five bushels per acre with the exception of a swale in the back of the 
field. This field attracted the attention of the passers that summer because of the evenness of 
the stand, and the way that the oats filled. 


Over six thousand bushels of Worthy Oats were used for seed in 1915. 
If we consider that only one-fifth of the yield has been used for seed each 
year, at least 100,000 acres of them were grown in 1917. Exact figures 
are unobtainable because the spread has largely been from farm to farm, 
by natural processes. Their very stiff straw is an outstanding factor in 
in favor of these oats, especially on heavy land. They still retain their 
popularity and high yielding qualities, and are now (1918) so widely 
grown as to be known by most progressive Michigan farmers. 

Since their introduction, the Alexander has been grown more extensively 
on sandy soil, and the Worthy on heavy land. This would result in re- 
ports favoring the Worthy on heavy soil. Be this as it may, we occasion- 
ally note instances like the following: Mr. Geo. Hurteau of Allegan has 
grown both Alexander and Worthy on his heavy low laying soil that before 
drainage was a cattle wallow, but now is one of the richest farms of that 
section. He has given up the Worthy in favor of the AUBIN Sy which 
he says is yielding more bushels of grain for him. 


IMPROVED METHODS OF TESTING VARIETIES. 


During the years that the oat improvement work has been going 
on, methods of oat improvement and methods for testing varieties have 
also been under investigation. It is impossible to fully understand the one 
without the other. The methods have changed from year to year as 
greater light could be obtained on the subject. 
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A general view of the 1911 variety series is shown in figure four. It 
will be noticed that the plats were full drill widths (eleven hoes), at that 
time and that the plats were much shorter than now. That shape of plat 
was used during the years of 1909 to 1913. The duplicate series of 1911 
were end to end and ran in reverse order. During recent years, the du- 
plicate series have been parallel, i. e., a continuation of the same series. 
‘This permits the plats to be longer and narrower, bringing the check plats 
nearer together and making the determination of the check yields for the 
intervening plats more reliable. The best results are obtained when the 
length of the plats are about twenty times the distance between the cen- 
ters of the check plats. The accuracy of the results are indicated by the 
nearness of the coefficients of yield representing the duplicate plats. 
They should usually be within 5° or more rarely within 10% of each 


Fig. 4. Up to 1915, the plats were full drill width. Figure 4 shows a general view 
of the 1911 oat series. There were two series end to end that year, the plats only being about 
300 feet long. That left the length of the plats about 14 times the distance between the 
eenters of the check plats. This relation should be at least twenty times. 


other. A difference of 15% or 20% means a mistake that is not due to 
the relationship of the plats if the plats are arranged as above. A patch 
of weeds, or imperfect planting in one of the duplicates may cause a dif- 
ference of 30%. Shattering in spots if over-ripe, or lodging in small 
localities may create a large mistake. These mistakes also arise at har- 
vesting and during threshing if more grain is lost from one plat than 
is lost from another. If the loss is equal from all the plats (checks and 
all), the results (coefficients of yield) are disturbed very little if at all. 

In calculating, four place figures have usually been made use of, espec- 
ially in the yield for the check variety on the intervening plats. These 
four place figures have been used in the calculation of the per cent or 

100P 


C 


Also averages are obtained with four place coefficients of yield. 


_ To save space the results are given in the tables as three place figures. 
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In all cases the yield is expressed as pound per plat for the variety under 
test, pounds per plat for the check variety on the same plat, and the per 
cent or coefficient of yield. In the final summations given in Table V 
the yields are expressed as percents of the yielding power of the check 
variety. An average is then taken of those of the various years. The 
100% is obtained by taking an average of actual yields for the check 
variety during five years. 
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Table III sets forth the results of variety testing during the years 1911 
and 1914. Besides this there were one-hundred plant row plats in 1911 
and thirty-five plant rows in 1912. It was not possible to run duplicate 
series in 1912 and 1913, because the land was not available, however, 
they compare fairly well with each other. The results of those years had 
brought the College Success into such prominence that it was used as 
a check during the years 1915 to 1917. The yields of College Success are 
as follows: 1912, 74.9 bushels; 1913, 64 bushels; 1914, 76.5 bushels; 1915, 
89.0 bushels; and 1916, 51.4 bushels per acre, giving an average of 71.6 
bushels per acre during 1912 to 1916 on the college plats. Table IV gives 
the results of the 1915 to 1917 test with College Success as a check, and 
Table V gives the results for the yield testing work during 1914 to 1917, 
arranging the varieties in order the of their relative yields. The average 
coefficients of yield and their equivalent bushels per acre are also 


based on College Success as 100% equaling 71.16 bushels per acre. 
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TABLE V. OAT YIELDS 1914-1917. 
Expressed as average coefficient of yield. 
Arranged according to production. 


College Success taken as 100% equals 71.16 bushels. 


Esti- 

mated 

Strain. Variety. 1914. = 1915: 1916. 1917. |Average.| bushels 
per acre 
10805 Wiolkverine: irre te 98 .82 114.38 124.09 118.82 114.03 81.14 
915302 | Czar of Russia..... sere ae 98.85 ilo)e val 133.94 104.11 111.90 ~ 79.63 
61201 College Wonder ; .| 99.89 98.81 141.33 90.40 107.61 76.58 
10801 | Western........ use 99.44 | 110.76 | 115.73 | 104.51 | 107.61 76.58 
915103 | Great Dakota... >... . 2.55: 95.36 108 .57 P23 LG 102.78 107 .47 76.48 
10803 Wiesterns a0 4 Si se ee 89.26 110.59 | 114.06 PLS .545- 107236 76.40 


132 | Michigan Swedish......... 
113 | Early Lincoln... P ; ‘ é : . 66 
87503 GartonUiNo572) see ee 90.18 | 107.34 | 112.61 97.44 | 101.89 72.50 


LLO004: | +Clydesdales..9 2250; sale aes Oda) LOGS 3 | le 5 sO 96.60 | 100.86 COLES 
05402 | College Success...........| 100.00 | 100.00 | 100.00 | 100.00 | 100.00 CAs 
61601, |) Alexand ers asus serait = boat 92.37 | 130.61 91.08 98 .83 70.33 
LOGOGS|EStrube!Sacmiemie cer ee eee 80.33 97.14 | 120.53 96.68 98 . 67 70.21 
123° | Harvest Queen...) 22.25... 86 .32 95.93 | 122.22 90.09 98 .64 70.19 
10705) Seed ling, ars poe be ee 76.68 95.11 | 114.02 | 104.78 97 .65 69.49 
016901 | Leuterwitz............ lp aso 05 95.81 98.00 | 104.29 96.79 68.88 
166024 Sig Owal. pereseec enn eee 83 .04 88.99 | 111.41 | 103.51 96.74 68.84 
256015) ROsSSiianin coy. meee 78.20 | 104.06 | 111.17 93 .02 96.61 68.75 
017401 | Early Spanish............ 78.07 SOPOT Se PLO Rael eee okra. 95.93 68.26 
915604 | Danish Giant.............} 85.79 G5591" | LOS 224 ieee anus 94.98 67 .59 
627045) 2 Worthy ia note cet en. 84.46 90.42 | 112.38 89.22 94.12 66.98 
124 |G within ii cic 82.75 96.64 | 106.54 90.33 94.07 66.94 
OLZSO1 | GSpanishes fs s-ocse e 80.61 O65935| 2104-43 }).ereast< peace 93.99 66.88 
0169021) Leuterwitz, . 2.2 2 - scene ee 87.03 87.43 | 112.81 86.96 93.56 66.58 
25 60Mia| ROSSA niry ete one cee: 81.27 99.05 99.96 91.94 93.06 66.22 
019003 | English Wonder.......... 83.96 94.91 OSie2 Gk reisueneic ces 92.38 65.74 
ASS | 4Sixtys Dayne cts seus coed eel] eustos ate, vee tellooeeee etree 94.80 71.88 83.34 59.30 
Ol7203 | "Roman esis «orice: sci 74.25 77.83 JOsOSu weyyenrs 82.92 59.00 
PSS MUSGS VOL Ae create catnckee cic rob aione tel] iencnenernrene 70.32 57.61 63.97 45.52 


ELIMINATION OF VARIETIES. 


A passing glance through the preceding tables will reveal the fact that 
varieties have been dropped as rapidly as the experimenter could be satis- 
fied of their inferiority.? 

Of the 140 lots of seed that have been received, only 31 of them were 
under test in 1917. There was no question about those that showed them- 
selves inferior in the plant-row series. There is little question about the 
desirability of the lowest producers after one year’s yield testing. A third 
set has been dropped after two years of yield testing. But when it comes 
to the better varieties, one needs at least three year’s results for reliable 
figures on yielding ability. Four of the strains listed in Table V have 
been in the variety series for nine years, and all except four of them have 
been in the yield series at least four years. 


7The last strain of the following varieties were dropped in 1913: Swedish Select, Minne- 
sota No. 6, Kherson, Silver Mine, Improved Scotch, Tartarian, Sensation, Improved Banner, 
2 side oat varieties, Regenerated Swedish Select, Canadian Banner, Dodge, Spanish Lincoln, 
Mezdag, Bucuim, New Johnson, Giant Ligowo, Johnson, Lawrence, and Jewett’s Clydesdale. 

The following varieties were discarded in 1914: Garton No. 436, Garton No. 396, S. P. 1. 
No. 226,885, European Hulless, 8S. P. -I. No. 25,749, and Steuben. 

The following varieties were discarded in 1915: Henderson’s Clydesdale, Harrison’s, New 
Market, S. P. I. No. 25318, Great’ Mogul, Beardsless Propsleir, Golden Rain, Victory, White 
Ligowa, Vogel, Parsons, and four varieties from an Illinois Seed Company. ; 

No further varieties were dropped from the variety series in 1916, and only four more in 
1917, but most of those in Table V that have not been distributed were dropped in 1915. 
Those dropped in 1917 were: S. P. I. Nos. 25,591, 25,849, 25,850, and English Wonder. 


sl i ai 
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Of these varieties the Alexander and Worthy were distributed to Michi- 
gan farmers in 1912, College Wonder in 1915, College Success in 1916, 
and the Wolverine in 1917. : 

Of the three varieties that were distributed since 1912, the College Won- 
der is the most generally grown and apparently is gaining in popularity. 
The indications are that it will follow the Worthy as a higher yielder. 

The College Success is favored by the farmers of Ottawa and the neigh- 
boring counties, but has been generally reported inferior to Worthy in 
eastern Michigan. However, twenty acres in Huron county showed 95 
bushels per acre in 1918. In some sections, farmers get a great variety of 
results from the College Success. At the College, these oats were later than 
the average. This factor has been more or less consistent with the variety 
over the State and under the general weather conditions of the past two 
years has been an undesirable characteristic. 

The Wolverine was represented by only one farmer’s field in 1917, 
and has been distributed generally in a small way in 1918. About 350 
acres were grown this year. It is too early to estimate its value, but at 
the College it has produced about 20% or one fifth more oats than the 
Worthy during the past four years. It will undoubtedly prove to be a 
valuable addition to Michigan agriculture. 


SUMMARY. 


1. There are two equally important problems to be considered: 
(a) The best variety of oats to grow. 
(b) The best cultural method. 


2. The soil and climatic conditions are so variable in Michigan as 
to demand special varieties for some environments, and to cause a standard 
variety grown in an adjacent field to produce different results. 

3. Always test a new variety side by side with the old accepting the 
new variety only when proven superior. 

4. The relative yield of varieties cannot be tested in separate fields. 
They must be tested under identical conditions, and in long narrow strips 
side by side. 

5. The oat breeding work has been in progress since 1900. 


6. The present writer took up the work in 1906, yearly making large 
numbers of plant selections from specially planted beds. 


7. Variety testing work began with the new strains in 1909. The most 
reliable early work was in plant-row series with checks. The methods 
were greatly improved in larger plats after 1913. 


8. As the results of early testing, the Alexander and Worthy (two new 
varieties) were distributed to farmers in 1912. Each of these originated 
in a selected individual plant of 1906. 


9. Over six thousand bushels of Worthy Oats were used for seed in 
1915, and now this variety of oats is so widely grown as to be known by 
most progressive Michigan farmers. 


10. The investigations since 1912 have found a few strains that are 
yielding more than the Worthy. The College Wonder was distributed 
in 1915, the College Success in 1916, and the Wolverine in 1917. Based 
on Worthy as 100%, the following are the results: 
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Strain. | Variety. 1914. 1915. 1916. 1917. Ave. 

| 
10805 NVOlVerIn G8 eee ess. once aan Tm tone 117.00 126.50 | 110.46 LSS oe 121.78 
61201 || ‘College Wonders ja. 4d. oe enon 118.27 | 109.28 | 125.81 101.32 113.67 
O54028 | eC ollezerSuccéssesee eee eee 118.40 | 110.60 89.025) 1122085) 107.53 
616OL >| Alexanders aver S38 Qackored ows the ehh 96.22 | 102.16 | 116.26 | 102.08 104.18 
62704 | Worthy...... Bry Sea ee bate 100.00 | 100.00 | 100.00 | 100.00 100.00 


11. These results indicate that the Alexander is producing a 4% higher 
yield than the Worthy, yet farmers have generally preferred the latter. 
As a rule, the Alexander has been grown more extensively on the lighter 
soils, though some p2ople prefer Alexander for heavy soils. 

12. The College Success, College- Wonder, and Wolverine have not 
been in the hands of the farmers long enough to establish their relative 
value. Ofthese three, the College Wonder is the most widely grown and 
apparently is gaining in popularity. On an average, it has produced a 
13.5% higher yield than the Worthy at College, and a 23.8% higher yield 
over the State. 

13. The College Success is favored by the farmers of Ottawa and 
neighboring counties. This is a late variety and does well only where it 
has a long growing season. 

14. The Wolverine has produced a 21.8% higher yield than the Worthy 
and it wiil undoubtedly prove a valuable addition to Michigan agriculture. 
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COMMERCIAL FEEDING STUFFS 
Bulletin No. 282 


ANpREW J. Parten, C. F. Barnum, E. F. Berecer, T. E. FR1gEpDEMANN 
AND P. O’Meara. 


The present feeding stuffs law (Act 91, P. A. 1917) became operative 
April 1, 1918. As the full text of the act was printed in Bulletin No. 
279 only the main provisions will be discussed. Copies of the law will 
be furnished upon request. 

Label. Every lot or parcel of “commercial feeding stuffs” shall bear 
on the bags or tags attached thereto a statement certifying, Ist, the 
net weight of the contents of the package, lot, or parcel; 2nd, the name, 
brand or trademark; 3rd, the name and principal address of the manu- 
facturer or person responsible for placing the commodity on the market ; 
4th, the minimum percentage of crude protein, the minimum percentage 
of crude fat and the maximum percentage of crude fibre; 5th, the specific 
name of each ingredient used in its manufacture. 

Registration. All “commercial feeding stuffs” within the meaning of 
the act must be registered annually. To make the fiscal year concur- 
rent with the calendar year the present license period was made to 
terminate December 31, 1918, with a fee of $15.00 for each brand regis- 
tered. After this date the registrations must be made on or before Janu- 
ary Ist each year or before the feed is placed on sale and the license 
fee will be $20.00 per brand as in previous years. 

Samples not required. The forwarding of samples at the time of ap- 
plying for license is not necessary except when requested by the adminis- 
trative officer. 

Registrations may be refused or cancelled. The administrative officer 
may refuse to license a brand if the name appears to be deceptive or 
misleading. He also has power to cancel a license if it appears, at any 
time, that any of the provisions of the law have been violated. 

Materials exempt from license fee. Unmixed whole seeds and grains; 
unmixed meals thade directly from the entire grains of corn, wheat, rye, 
barley, oats, buckwheat, flaxseed, kafir and milo; corn and oats feed 
made by grinding together the pure grains of corn and oats; wheat, 
rye and buckwheat brans or middlings when unmixed with other mater- 
ials; whole hays, straws, ensilage and corn stover when unmixed with 
other materials and all materials containing 60 per cent or more of water. 

The definitions adopted by the Association of Feed Control Officials 
will be considered official in Michigan, and it is expected that the manu- 
facturers will adhere to them as closely as possible. 
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RULES. 


The following rules were passed by the State Board of Agriculture at 
a meeting held March 20, 1918, in East Lansing, Michigan: 

Rute No. 1. “Wheat Bran with Screenings not exceeding Mill Run” 
is interpreted as meaning bran to which has been added, by a separate 
process, the whole or a part of the screenings separated from the partic- 
ular lot of wheat producing the bran. The screenings may or may 
not be reduced. 

Ruut No. 2. “Wheat Middlings with Screenings not exceeding Mill 
Run” is interpreted as meaning middlings to which has been added, by 
a separate process, the whole or a part of the screenings separated from 
the particular lot of wheat producing the middlings. The screenings 
may or may not be reduced. 

Rute No. 3.) “Wheat Bran and Wheat Middlings” when labelled as 
containing “Screenings not exceeding Mill Run” are.considered to be 
“Commercial Feeding Stuffs” within the meaning of the Jaw and subject 
to license. This rule shall take effect April 1st, 1918. 

Rue No. 4. “Statement of Guaranteed Analysis. Section 2 of the 
Feeding Stuffs law is interpreted to mean that only the minimum guar- 
antees for Protein and Fat and the maximum guarantee for crude fibre 
may be stated on the labels. The sliding guarantee is prohibited. This 
rule shall take effect April Ist, 1918.” 


POINTS OF INTEREST TO DEALERS 


Represent only Reliable Firms and before purchasing feed for resale 
in Michigan, find out if the particular feed has been properly licensed 
by the manufacturer, broker, or party responsible for its shipment into 
the State. The State law has no jurisdiction over parties residing out- 
side of the State and the only way they can be reached is through the 
U. S. Department of Agriculture for a violation of the Federal Food 
and Drugs Act. Failure to license a feed in Michigan would not be a 
violation of the Federal Jaw and if properly tagged, shipment into the 
State cannot be prevented. The Michigan law becomes operative only 
when such feed is offered for sale within the State. Tgnorance of the 
provisions of the law is not sufficient grounds for defense. When the 
inspectors find an unlicensed feed being offered for sale the dealer is given 
written notice and requested to discontinue the sale until the person or 
concern responsible for shipping the product into the State has com- 
pled with the reanirements of the law. Dealers who continue to sell 
unlicensed feeds after due notice has been given will be held responsible 
and evidence of the violation of the feeding stuffs law will be submitted 
to the Prosecuting Attorney in the county wherein the violation occurs. 

Frequently it oecurs that carload shipments reach their destination 
untagged. In such cases the dealer should telephone or telegraph the 
manufacturer or jobber immediately for proper tags and insist upon 
getting them at once as the sale of untagged feeds is not permissible 
under any circumstances. Tags sent forward by mail or placed in a car- 
load of feed but not attached to the bags should be put on as the ear 
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‘sy unloaded. Some responsible person should give the matter of proper 
tagging careful attention rather than trust it to some irresponsible 
laborer. 

Retain Freight Bills. The State inspectors of feeding stuffs are also 
federal inspectors and authorized to take samples of shipments made in 
violation of the Federal Food and Drugs Act. In order to establish 
evidence of interstate shipment it is necessary to secure copies of the 
freight bill, bill of lading and bill of sale covering a shipment. Dealers 
should, therefore, keep on file all the documents and papers relating in 
any way to all interstate shipments of feed stuffs. 


POINTS OF INTEREST TO PURCHASERS. 


Consult the annual bulletin and find out what companies are most 
consistently meeting their guarantees. 

Do not buy a feed simply because it is cheap without comparing the 
guaranteed analysis with that of other feeds that may be available and 
also examine it carefully to determine, if possible, the ingredients of 
which it is composed. In these times of high prices, one should consider 
these points carefully. 

Do not send samples for analysis without first writing for instructions 
on how to secure a representative sample. A sample from one bag or a 
small handful taken from the top of several bags is not representative 
and an analysis of such a sample would be of no value. The cost of mak- 
ing an analysis is considerable and we cannot take the time to analyze 
samples that are not representative of the lot from which they were 
taken. Our inspectors are continually collecting samples of feeding 
stuffs and in many cases we can furnish information concerning a partic- 
ular brand of feed without making another analysis. 

When purchasing feed in car lots, an inspector will be sent to draw 
samples if the office of the chemist in charge is notified upon arrival of 
the car. 

Do not accept feed in untagged or unlabeled bags except such feeds 
as are exempt from license as heretofore mentioned. An untagged pack- 
age gives the purchaser no guarantee as to analysis or ingredients and 
furthermore the product is sold in violation of the feeding stuffs law. 
Such cases should be brought to the attention of the office of the chemist. 

If buying bulk feeds subject to license demand of the seller a printed 
guarantee giving the analysis and ingredient—the law provides that the 
purchaser shall have it. 


COOPERATION WITH U.S. DEPARTMENT OF AGRICULTURE. 


Through a plan of cooperation devised by the U. 8S. Department of 
Agriculture the State inspectors are empowered to collect samples from 
interstate shipment of feed stuffs found in Michigan under the Food 
& Drugs Act. In this cooperative work twenty-four cases were referred 
to the laboratory of the central inspection district in Chicago; eighteen 
of the samples were collected on account of deficiencies in protein, four 
were untagged shipments and two were taken at the suggestion of the 
Chief Inspector of the central inspection district. 
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REBATES. 


The State law does not provide for the payment of rebates on feeds 
found deficient in some respect but such cases are often referred to this 
department. Settlement is advised on the basis of the combined protein 
and fat. The following example is taken from the present year’s records. 


Guaranteed Found . Price per Rebate per 
Protein Fat Protein Fat ton ton 
(41> by <6) 2-88 --  6:2) 
xX $54.00 — $3.21 
Guaranteed . 
Protein Fat 
(41s --526) 


As the records of the distribution of rebates made during the year are 
not complete at this time no tabulation is made. 


DEFINITIONS. 


The following definitions of Feeding Stuffs and by-products used for 
feeding purposes have been adopted by the Association of Feed Control 
Officials of the United States at their several meetings, and, in the in- 
terest of uniformity, it is urged that all manufacturers and millers. ad- 
here to them as closely as possible in labeling the feeds intended for sale 
in Michigan. 

Meal is the clean, sound, ground product of the entire grain, cereal or 
seed which it purports to represent. 

Chop is a ground or chopped feed composed of one or more different 
cereals or by-products thereof. If it bears a name descriptive of the kind 
of cereals, it must be made exclusively of the entire grains of those 
cereals. 7 

Screenings are the smaller imperfect grains, weed seeds and other 
foreign material having feeding value, separated in cleaning the grain. 

Alfalfa Meal is the entire alfalfa hay ground, and does not contain an 
admixture of ground alfalfa straw or other foreign materials. 


ANIMAL PRODUCTS. 


Blood Meal is ground dried blood. 

Cracklings are the residue after partially extracting the fats and oils 
from the animal tissue. If they bear a name descriptive of their kind, 
composition or origin, they must correspond thereto. 

Digester Tankage is the residue from animal tissue exclusive of hoof 
and horn, specially prepared for feeding purposes by tanking under live 
steam, drying under high heat, and suitable grinding. If it contains 
more than 10 per cent of phosphoric acid (P,0,), it must be designated 
Digester Meat and Bone Tankage. 

Meat Scrap and Meat Meal are the ground residues from animal tissue 
exclusive of hoof and horn. If they contain more than 10 per cent of 
phosphoric acid (P,0,), they must be designated Meat and Bone Scrap, 
-and Meat and Bone Meal. If they bear a name descriptive of their’ kind, 

composition or origin, they must correspond thereto. ; 
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BREWERS’ AND DISTILLERS’ PRODUCTS. 


Brewers’ Dried Grains are the properly dried residue from cereals ob- 
tained in the manufacture of beer. 

Distillers’ Dried Grains are the dried residue from cereals obtained in 
the manufacture of alcohol and distilled liquors. The product shall bear 
the designation indicating the cereal predominating. 

Malt Sprouts are the sprouts of the barley grain. If the sprouts are 
derived from any other malted cereal, the source must be designated. 


BUCKWILEAT PRODUCTS. 


Buckwheat Shorts or Buckwheat Middlings are that portion of the 
buckwheat grain immediately inside of the hull after separation from the 
flour. i oat i ee 


CORN PRODUCTS. 


Corn Bran is the outer coating of the corn kernel. 

Corn Germ Meal is a product in the manufacture of starch, glucose 
and other corn products and is the germ layer from which a part of the 
corn oil has been extracted. 

Grits are the hard, flinty portions of Indian corn, without hulls and 
germ. 

Corn Gluten Meal is that part of commercial shelled corn that remains 
after the separation of the larger part of the starch, the germ and the 
bran, by the processes employed in the manufacture of cornstarch and 
glucose. It may or may not contain corn solubles. : 

Corn Gluten Feed is that portion of commercial shelled corn that re- 
mains after the separation of the larger part of the starch and the germ 
by the processes employed in the manufacture of cornstarch and glucose. 
It may or may not contain corn solubles. 


OIL CAKE. 


Oil Cake is the residual cake obtained after extraction of part of the 
oil by crushing, cooking and hydraulic pressure from seeds screened and 
cleaned of weed seeds and other foreign materials by the most improved 
commercial processes. When used alone the term “oil cake” shall be un- 
derstood to designate the product obtained from partially extracted, 
screened and cleaned flaxseed. When used to cover any other product, 
ere of the seed from which. it is obtained shall be prefixed to “oil 
~AKE, hs 

Ground Oil Cake is the product obtained by grinding oil cake. When 
used alone, the term “ground oil cake“ shall be understood to designate 
the product obtained from partially extracted, screened and cleaned flax- 
seed. When used to cover any other product the name of the seed from 
which it is obtained shall be prefixed to “ground oil cake.” : 


» 
COTTONSEED PRODUCTS. 


Cottonseed Meal is a product of the cottonseed only, composed princi- 
pally of the kernel with such portion of the hull as is necessary in the 
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manufacture of oil; provided that nothing shall be recognized as cotton- 
seed meal that does not conform to the foregoing definition and that does 
not contain at least 36 per cent of protein. 

Choice Cottonseed Meal must be finely ground, not necessarily bolted, 
perfectly sound and sweet in odor, yellow, free from excess of lint and 
must contain at least 41 per cent of protein. 

Prime Cottonseed Meal must be finely ground, not necessarily bolted, of 
sweet color, reasonably bright in color, yellow, not brown or reddish, free 
from excess of lint, and must contain at least 38.6 per cent of protein. 

Good Cottonseed Meal must be finely ground, not necessarily bolted, of 
sweet odor, reasonably bright in color, and must contain at least 56 per 
cent of protein. 

Cottonseed Feed is a mixture of cottonseed meal and cottonseed hulls 
containing less than 36 per cent of protein. 

Cold Pressed Cottonseed is the product resulting from subjecting the 
whole undecorticated cottonseed to the cold pressure process for the ex- 
traction of oil, and includes the entire cottonseed less the oil extracted. 

Ground Cold Pressed Cottonseed is the ground product resulting from 
subjecting the whole undercorticated cottonseed to the cold pressure pro- 
cess for the extraction of oil, and includes the entire ground cottonseed 
less the oil extracted. 


LINSEED AND FLAX PRODUCTS. 


Flax Plant By-Product is that portion of the flax plant remaining after 
the separation of the seed, the bast fiber and a portion of the shives, and 
consists of flax shives, flax pods, broken and immature flax seeds and the 
cortical tissue of the stem. 

Unscreened Flaxseed Oil Feed is the ground product obtained after ex- 
traction of part of the oil from unscreened flaxseed by crushing, cooking 
and hydraulic pressure, or by crushing, heating and the use of solvents. 
When sold without grinding the unground product shall be desig- 
nated as “unscreened flaxseed oil feed cake.” 

Ingredients of Unsecreened Flaxseed Oil Feed—Ground cake from par- 
tially extracted flaxseed and foreign seeds (wheat, wild buckwheat, 
pigeon grass, wild mustard, etc. ). 

Screenings Oil Feed is the ground product obtained after extraction of 
part of the oil by crushing, cooking and hydraulic pressure, or by crush- 
ing, heating and the use of solvents from the smaller imperfect grains, 
weed seeds and other foreign materials having feeding value separated 
in cleaning the grain. The name of the grain from which the screenings 
are separated shall be prefixed to “screenings oil feed.” 


OAT. PRODUCTS. 


Oat Groats are the kernels of the oat berry. 

Oat Hulls ave the outer chaffy coverings of the oat grpin. 

Oat Middlings are the floury portion of the oat groat obtained in the 
milling of rolled oats. 

Oat Shorts are the covering of the oat grain lying immediately inside 
the hull, being a fuzzy material carrying with it considerable portions 
of the fine floury part of the groat obtained in the milling of rolled oats. 
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Clipped Oat By-Product is the resultant by-product obtained in the 
manufacture of clipped oats. It may contain light, chaffy material 
broken from the ends of the hulls, empty hulls, light, immature oats and 
dust. It must not contain an excessive amount of oat hulls. 


PEANUT PRODUCTS. 


Peanut Oil Cake is the residue after the extraction of part of the oil 
by pressure or solvents from peanut kernels. 

Peanut Oil Meal is the ground residue after the extraction of part of 
the oil from peanut kernels. 

Unhulled Peanut Oil Feed is the ground residue obtained after extrac- 
tion of part of the oil from whole peanuts, and the ingredients shall be 
designated as “peanut meal and hulls.” 


RICE PRODUCTS. 


Rice Bran is the cuticle beneath the hull. 

Rice Hulls ave the outer chaffy coverings of the rice grain. 

Rice Polish is the finely powdered material obtained in polishing the 
kernel. 

WHEAT PRODUCTS. 

Wheat Bran is the coarse outer coatings of the wheat berry obtained 
in the usual commercial milling process from wheat that has been cleaned 
and scoured. 

Shorts or Standard Middlings are the fine particles of the outer and 
inner bran separated from bran and white middlings. 

Wheat White Middlings or White Middlings are that part of the offal 
of wheat intermediate between shorts or standard middlings and red dog. 

Shipstuff or Wheat Mixed Feed is a mixture of the products other than 
the flour obtained from the milling of the wheat berry. 

Red Dog is a low grade wheat flour containing the finer particles of 
bran. 

Wheat Bran with Mill Run Screenings is pure wheat bran plus the 
screenings which were separated from the wheat used in preparing said 
bran. 

Wheat Bran with Screenings not Exceeding Mill Run is either wheat 
bran with the whole mill run of screenings or wheat bran with a portion 
_of the mill run of screenings, provided that such portion is not an inferior 

portion thereof. 


MISCELLANEOUS PRODUCTS. 


Yeast or Vinegar Dried Grains are the properly dried residue from the 
mixture of cereals, malt and malt sprouts (sometimes cottonseed meal) 
obtained in the manufacture of yeast or vinegar and consists of corn or 
corn and rye from which most of the starch has been extracted, together 
with malt added during the manufacturing process to change the starch 
fo sugars, and malt sprouts (Sometimes cottonseed meal) added during 
the manufacturing process to aid in filtering the residue from the wort 
and serve as a source of food supply for the yeast. 
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Palm Kernel Oil Meal is the ground residue from the extraction of part 
of the oil by pressure or solvents from the kernel of the fruit of the Elaeis 
guineensis of Elaeis malanococca. 

Tvory Nut Meal is ground ivory nuts. 


TENTATIVE DEFINITIONS. 


Corn Feed Meal is the by-product obtained in the manufacture of 
cracked corn, with or without aspiration products added to the siftings, 
and is the by-product obtained in the manufacture of table meal from the 
whole grain by the non-degerminating process. ° 

Hominy Feed, Hominy Meal or Hominy Chop is a kiln-dried mixture 
of the mill run bran coating, the mill run germ, with or without a partial 
extraction of the oil and a part of the starchy portion of the white corn 
kernel obtained in the manufacture of hominy, hominy grits and corn 
meal by the degerminating process. 

Yellow Hominy Feed, Yellow Hominy Meal or Yellow Hominy Chop is 
a kiln-dried mixture of the mill, run bran coating, the mill run germ 
with or without a partial extraction of the oil and a part of the starchy 
portion of the yellow corn kernel obtained in the manufacture of yellow 
hominy grits and yellow corn meal by the degerminating process. 

Linseed Meal is the ground product obtained after extraction of part 
of the oil from ground flaxseed screened and cleaned of weed seeds and 
other foreign materials by the most improved commercial processes, 
provided that the final product shall not contain over 6 per cent of weed 
seeds and other foreign materials and provided further that no portion 
of the stated 6 per cent of weed seeds and other foreign materials shall 
be deliberately added. 

Oil Meal is the ground product obtained after the extraction of part 
of the oil by crushing, cooking and hydraulic pressure, or by crushing, 
heating and the use of solvents from seeds which have been screened 
and cleaned of weed seeds and other foreign materials by the most im- 
proved commercial processes. When used alone the term “Oil Meal” 
shall be understood to designate linseed meal as defined. -When used to 
cover any other product the name of the seed from which it is obtained 
shall be prefixed to the words “oil meal.” : 

Old Process Oil Meal is the ground product obtained after extraction 
of part of the oil by crushing, cooking and hydraulic pressure from seeds 
screened and cleaned of weed seeds and other foreign materials by the 
most improved commercial processes. When used alone the term “Old. 
Process Oil Meal” shall be understood to designate linseed meal as de- 
fined, made by the old process. When used to cover any other product 
the name of the seed from which it is obtained shall be prefixed to “old 
process oil meal.” 

New Process Oil Meal is the ground product obtained after extraction 
of part of the oil by crushing, heating and the use of solvents from seeds 
screened and cleaned of weed seeds and other foreign materials by the 
most improved commercial processes. When used alone “New Process 
Oil Meal” shall be understood to designate linseed meal as defined, 
made by the new process. When used to cover any other product the 
name of the seed from which it is obtained shall be prefixed to “new 
process oil meal.” : 
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Ground Flaxseed or Flaxseed Meal is the product obtained by grinding 
flaxseed which has been screened and cleaned of weed seeds and other 
foreign material by the most improved commercial processes, provided 
that the final products shall not contain over 4 per cent of weed seeds 
and other foreign materials. and provided further that no portion of the 
stated 4 per cent of weed seeds and other foreign materials shall be 
deliberately added. 


PROPOSED DEFINITIONS. 


Wheat Bran consists of the coarse outer coatings of the kernel obtained 
in the usual commercial process of milling from wheat that has been 
cleaned and scoured. 

Wheat Shorts or Middlings. 

(a) Brown (Red) Shorts consist mostly of the fine particles of bran 
and germ and contains very little of fibrous offal obtained from the 
“tail of the mill.” 

(b) Standard (Total or Gray) Shorts consist of the -fine particles 
of the outer bran, the inner or “Bee-wing” bran, gerin, and the offal, or 
fibrous material, obtained in the last reduction on millings. 

(ec) White Shorts consist of a smaller portion of the fine bran parti- 
cles and germ and a much greater portion of the fibrous offal from the 
“tail of the mill.” 

Red Dog consists of a mixture of- low-grade ttour, fine particles of bran 
and the fibrous offal from the “tail of the mill.” 

Ship Stuff (Wheat Mixed Feed) consists of pure wheat bran and 
standard, or total, shorts combined in the proportions obtained in 
the usual process of commercial milling. 


(Note—If to any of the foregoing brands of feed there should be added screenings, or scour- 
ings, as hereinafter defined, either ground or unground, bolted or unbolted, such brand will be 
so registered, labeled and sold as clearly to indicate this fact. The word “Sereenings” or 
“Scourings’ as the case may be, shall appear as a part of the name or brand and shall be 
printed in the same size and face of type as the remainder of the brand name.) 


Screenings consist of the smaller, imperfect grains, weed seeds, and 
other foreign materials, having feed. value, separated in cleaning the 
grain. 

Scourings consist of such portions of the cuticle, brush, white caps, 
dust smut, and other materials as are separated from the grain in the 
usual commercial process of scouring. 


DISCUSSIONS OF RESULTS. 


During the past year 919 samples of feed have been analyzed. Of 
this number 18 represented products which are not subject to license and 
10 samples represented shipments which the mannfacturers refused to 
license. In the future all unlicensed “commercial feeding stuffs” will 
be removed from sale wherever found. Dealers are, therefore, cautioned 
about handling such feed. 

In summarizing the results of the inspection during the past year, we 
find that 75 or 8.3 per cent of the samples were below guarantee in 
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protein, 68 or 7.5 per cent were below guarantee in fat and 117 or 12.8 
per cent were above guarantee in crude fiber. This is an improvement 
over the results obtained last year and nearly 50 per cent better than the 
results of 1916. The greatest improvement is noticed in the cottonseed 
meals. During the first year (1916) 51 per cent of the cottonseed meals 
examined were found below guarantee in protein. During the past year 
only 17 per cent of the cottonseed meal samples were deficient in protein. 
This is due, not so much to an improvement in the quality of the meal as 
to a more truthful statement of the guarantees. In other words, the cot- 
tonseed sold in Michigan during the past year has been no better than 
that of other years but the guarantees have been adjusted to fit the facts. 

There has been a decided falling off in the number of samples of dis- 
tillers and brewers grains shipped into the State. This is evidently due, 
in part, to a partial boycott on the part of distillers and brewers against 
shipping their products into dry states. 

The highest percentage of deficiencies was found in the calf meals, 
hog meals and molasses feeds. In buying these classes of feeds the pur- 
chaser takes greater chances of not getting the value guaranteed than 
in any other classes of feed. 

There has been a notable decrease in the number of samples of wheat 
bran and middlings on the market. These have been replaced in part by 
rye and barley feeds and other less common products. 

A complete summary of the results obtained during the past three years 
is given in the following table. The figures here presented clearly show 
the effect of a vigorous inspection service in improving the whole feed 
situation throughout the State. 
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NEW FEEDS. 


The demand for wheat flour substitutes has brought upon the market 
in abundance several feeds which heretofore were found but infrequently 
and only in small lots. Until recently these by-product feeds were 
usually worked up in ready mixed feeds, now, however, they are on sale 
as separate and distinct articles of feed. 'The more important of these 
are, barley feed, corn feed meal, oat meal mill by-products (oat hulls, 
oat shorts and oat middlings) and clipped oat by-product. 

Barley feed is the by-product from the manufacture of pearl barley 
and barley flour and consists of the coarse hull and fibrous material 
surrounding the starchy kernel with some adhering fine particles thereof. 
This feed is light and bulky, having a high fiber content. The average 
of samples analyzed during the year follows: moisture, 9.0%; protein 
9.2%; fat, 2.5% and crude fiber, 20.2%. On account of the bulkiness 
and fibrous quality of this feed it is not successfully fed alone but it 
does make a valuable addition to mixtures of heayy and compact feeds 
such as corn feed meal, cottonseed meal and other concentrates of similar 
character. ee Wee 

The origin and character of the various oat by-products is covered on 
a previous page under “definitions.” The variation in feeding value 
of these products is wide and hence each lot should be bought only upon 
the basis of the guaranteed analysis. The fiber content of the cat 
products sold separately or mixed is an indication of the quality of any 
particular lot in question, the fiber content of the middlings being 4.6% - 
while that of the hulls is 29.2% :—in other words, a high percentage of 
fiber indicates a large proportion of hulls and a correspondingly low feed- 
ing value. These feeds have a value similar to barley feed as regards 
making the grain ration more bulky. 

Corn feed meal is a by-product obtained in the manufacture of 
cracked corn, table meal and corn flour. In feeding value, it is nearly 
if not quite equal to the entire grain and at times can be purchased for 
less per ton. In mixing rations for cows and horses, corn feed meal can 
be used in place of the whole corn meal with little depression of the food 
value. For feeding pigs the meal should he moistened as otherwise it 
will be rooted out of the troughs and wasted. 

Corn bran is also derived from the manufacture of table meal and 
cracked’ corn and consists of the transparent outer layer of the kernel 
with particles of the starchy portion adhering; frequently light shrunken 
kernels and other chaffy materials are present. This product contains 
from 9 to 12% crude protein, 6 to 8% fat and approximately 10% fiber. 
Henry and Morrison give the total digestible nutrients as 73.1 pounds 
per 100 pounds of the feed. The light, flaky character of corn bran, gives 
it especial value for mixing with heavy, compact concentrates. Some 
manufacturers grind the bran while others put it on the market as it 
comes from the mill. 

The extensive use of corn oil for cooking purposes has brought corn 
oil cake meal on the market in appreciable quantities. It is a valuable 
feed for dairy cows and is also in high favor with many hog growers. 
This feed is usually prepared for pigs by soaking a few hours and is 
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frequently mixed with middlings, which have about the same food value, 
at the time of feeding. 

At several points in the State feeders have used velvet bean feed during 
the past winter with good results. The pods and seeds of the velvet bean 
are ground together without threshing, the product analyzing approxi 
mately 12.3% moisture, 17.1% protein, 4.6% fat and 14.38% fiber. In 
trials made by the Department of Animal Husbandry of the college it 
was found that the material was not valatable to swine and also con- 
tained too much fiber for these animals. Although meal made by grind- 
ing the seed alone gave somewhat better success it is used to best advan- 
tage as a hog feed only after cooking. Sheep ate the unground pods and 
seeds with relish and lamb feeders are getting good results by mixing the 
eround feed with shelled corn. When feeding this material to cattle it 
should be borne in mind that beans of any sort are not greatly relished 
and care should be taken not to include too great a proportion of the 
velvet bean feed in the grain ration. A small amount should be fed at 
first, increasing the proportion as the animals become more accustomed 
to it. Results obtained in the use of this feed in dairy rations as well 
as a corn supplement in rations for fattening steers are very favorable 
and indicate that it is worthy the attention of Michigan feeders. 

A mixture of the bran and middlings obtained in the milling of rye 
for flour is sold as rye feed; this has about the same feeding value as the 
corresponding wheat mixed feed. There is greater danger of causing 
digestive disturbances in feeding rye products alone than with wheat 
products but limited amounts used in mixtures give good results. The 
cost to the feeder is usually somewhat lower than the cost of wheat 
feeds although the feeding value is approximately the same. 

As a suggestion to the reader a few concentrated rations for dairy 
cows, using the feeds mentioned above, are given. These mixtures are 
in combinations to balance a roughage ration of clover hay and corn 
ensilage fed at the rate of 1 pound hay and 3 pounds ensilage per 100 
pounds live weight with 1 pounds of concentrates per day for each 3 
pounds or 4 pounds of milk given per day. In these mixtures as outlined 
certain substitutions can be made without greatly changing the nutri- 
tive ratio:—bran may be substituted for barley feed; hominy feed for 
corn feed meal, standard middlings for velvet bean feed meal, and. corn 
oil cake meal for standard middlings and velvet bean feed meal by put- 
ting in a few pounds less than is indicated for the latter feeds mentioned. 
Rye middlings, rye bran or rye feed may be substituted for the corres- 
ponding wheat feeds. 


1B 2. 
iparley £ECCccrte oars Sc 100 Ibs. AE leves MOCO arcane fs 150 Ibs. 
Cottonseed Meal...... 50 Ibs. Corn Feed Meal...... 100 Ibs. 
Corn Feed Meal...... 100 Ibs. Cottonseed Meal...... 50 Ibs. 
Wineait. Brame 25,035 out 100 Ibs. OilkisMedlsaa sa eee 50 Ibs. 
oe 4. 
Batley > Weeds.cs shes 100 Ibs. Velvet Bean Heed: 2: 100 Ibs. 
Gulelibeting MGOCG asc sg Sekar 100 Ibs. Weed Brame 190 Ths. 
Corn Feed Meal...... 100 IJhs. Corn Feed Meal...... 200 Ibs. 
Cottonseed Meal...... 50 Ibs. Cottonseed Meal...... 50 Ibs. 


Gilutten Need) tice oO) Lbs; 


304 STATE BOARD OF AGRICULTURE. 


5, 6. 
Velvet Bean Feed..... 100 Ibs. Velvet Bean Feed..... L100 Ibs. 
Standard Wheat Mid- Grounds Core. 22.25: 100 Ibs. 
Care Gate hot twee eee 100 Ibs. GEGUNELO SIAR soci. 35" 100 Ibs. 
Barleys teed. >. xtarce. 100 Ibs. Cottonseed Meal...... D0 Ibs. 
Hominy Feed... .:......- 100 Ibs. 
Cottonseed Meal..... DO Ibs. ; 


KEYSTONE STOCK CONDITIONER. 


Since the last bulletin was issued, Keystone Stock Conditioner, men- 
tioned therein has again been shipped into the State at a few points 
by the manufacturers, The Guaranty Food Co., Lewisburg, Pa. The 
analysis of this mixture reported last year gave the composition as 
largely cocoa shells and epsom salts; since that time sulphur, copperas, 
foenugreek, ginger, gentian, and capsicum have been added, but in such 
very smnall quantities that its conditioning value is practically unchanged. 
As noted in the previous bulletin no food value is claimed for this product 
and hence no action can be taken under the State feeding stuffs law. 


CONDIMENTAL FEEDS. 


Regarding condimental feeds as a whole it is very true that they 
combine low quality and high prices to an unusual degree. For the 
purpose of comparison, the cost of a tonic with linseed meal as a filler was 
computed, using retail drug prices, the cost was found to be 7 cents 
per pound. By replacing the linseed meal with cocoa shells the cost 
could be lowered to 5.7 cents per pound. The prices charged for stock 
“foods” range from 10 to 25 cents per pound. That purchasers pay the 
manufacturer a handsome profit is very evident. 

The large majority of properly conducted experiments fail to show 
profitable results from the use of these preparations. The results 
sometimes obtained are more often due to the liberal feeding and good 
care advocated in the accompanying directions than to any value in 
the “food.” Henry & Morrison in Feeds & Feeding say on this point, 
“Rather than purchase advice with costly condimental foods the wise 
feeder will secure it in standard agricultural papers and books or from 
the experiment stations and the United States Department of Agricul 
ture. Farm animals managed with reasonable care have appetites which 
do not need stimulating. Sick animals or those out of condition should 
receive specific treatment rather than be given some cure-all.” 

To cover the infrequent cases where “tonics” or “spices” are needed to 
sharpen the appetite especially, the following formulae are suggested 
by the authors quoted above: 


No. 1. No. 2. 
Penugreek <5 te ae 2 Ibs. Ground Gentian...... 4 Ibs. 
AllspiGes-232 ees epee 2 Ibs. Powdered Saltpeter... L ib. 
Gentian =ay sae 4 lbs. Ground Ginger....... 1 Ib. 
alt... nt Aig eee 5 Ibs. Powdered Copperas... 1 ib. 
Salt: Peter- Gee 5 lbs. 
Mpsom.: Saltsiee3. 10 Ibs. 
Linseed Meal ........ 100 Ibs. 
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Formula No. 1, given a tablespoon with each feed, will supply more 
drugs than most of the much advertised stock feeds or tonics. Formula 
No. 2 may be given at the rate of one tablespoonful daily mixed with the 
feed for ten days, then omitted for three days and then given for ten 
days more. No drugs or tonics should be given healthy animals. 

As a general tonic to be used when the appetite is not seriously im. 
paired and when one desires to build up the general condition of the 
animal, the veterinary department of the College suggests the following 
as suitable for all kinds of livestock : 


Sogn asulfatei-(drieds)). .. 2826... eels. s ul 5 Of. 
SOG DiCATDOUALC? cane. 6 oe oe ee eee AV, O71. 
Sodium: Chlorides. 2st: oto s iar = 0. 2 bh ralrerarecaets 2 OZ. 
IP OCASSTINU SS UEALCS 22.5 .ta GG. 3-00. cconetoie eel aeeeneneeee. 2 drams. 


Mix and feed with grain in tablespoonful doses to horses and cattle and 
teaspoonful doses to pigs and sheep two or three times daily until condi- 
tion improves. With this an occasional dose of saltpeter in the drink- 
ing water—a teaspoonful to a pailful—will work advantageously if fat- 
tening is especially desired. 
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> 7 a = 
E is g = 
28 ae “Ra a Pe fae 2 
£3 Manufacturer and Trade Name. Sampled at 5 A & =| aE 
2.8 _ oO C) C) o? 
ce "5 3 3 3 aS) 
eh elf iS) as Wetey || vss 
COTTONSEED MEAL. 
American Cotton Oil Co., New York, N. Y. 
(Gel sene 36.0 DOL ela O sae aee 
B 1934 | Surety Brand Cottonseed Meal.................. Detroit.........- \F* | 8.7 | 85.9] 7.0] 13.8] $53.00 
B 2597 | Surety Brand Cottonseed Meal.................- Holland» 222 dane es (Nea bs STC) | Ge? ba ks Bey 60.00: 
B 2671 | Surety Brand Cottonseed Meal.................. Jamestown............ Si 2) |e, Ones! 26.8 54.00 
B 2678 | Surety Brand Cottonseed Meal.............-.-.. Bangorntee eae 8.4 }°36.2 |) ~774)-12.1 60.00 
B 2703 | Surety Brand Cottonseed Meal.................. (Adrian) Sek we teen Sra dnoOr on] esd Lowe 53.50 
B 2807 | Surety Brand Cottonseed Meal.................. Dindee-Sancses eee 8103/5868.) cee2s|-12:2 58.00 
B 2809 | Surety Brard Cottonseed Meal................. Milatinen®) so nooeetac Sos] Oss [O28 | dace 56.00 
B 2817 | Surety Brard Cottonseed Meal.................. Caro goun neces ccen 8.8 | 34.8] 6.7] 13.5 2.75 
B 2818 | Surety Brand Cottonseed Meal.................- Bigeonnes scot 8.236, Dio waited oes 52.00 
B 2849 | Surety Brand Cottonseed Meal.................. Sandusky ecco 9.0 | 36.6} 6.2] 14.0 3.30 
B 2882 | Surety Brand Cottonseed Meal.................. ACnIan te. 6 secant ore S85] Coo on Oran el acd |e rare 
B 2976 | Surety Brand Cottonseed Meal.................. Clio Ae econ cee 9.9 | 36.0] 6.4] 13.6 5E.00 
B 3013 | Surety Brand Cottonseed Meal.................. Almsipeee cane eee OH On MDOT OS paipoaleloso 60.00 
B 3051 | Surety Brand Cottonseed Meal.................. Grard Rapids......... 8.5 | 32.9] 6.4 | 14.2 58.00 
B 3058 | Surety Brand Cottonseed.Meal.................. Grand Rapids......... SEsaeSbale| eovadis| eos 54.00 
B 3074 | Surety Brand Cottonseed Meal...........-. Se |GrandiRapids=secaee 84" |- 37.6) 72 | WW 1 60.00 
B 3264 | Surety Brand Cottonseed Meal...............,.. «Schoolcraft............ 8.9} 37.1} 6.7 | 15.4 2.75 
B 3310 | Surety Brand Cottonseed Meal.................. Masonite specter one 8.3 | 36.3] 6.0] 14.5 55.00 
B 3320 | Surety Brand Cottonseed Meal.................. Detroitinensccccrese 8.6 | 37.9] 6.2] 13.5 55.00 
AVELABC..< «oc coats 8.6 | 36.3 (i Fete bel PAY el oor Sean 
J. E. Bartlett Co. Jackson, Mich. 
(ea levis os BIL mate) PTR eee cos Sac 
B 2666 | Farmer Brand Prime Cottonseed Meal........... Jackson-aeeeee = ope 8.8 | 36.6] 7.7] 9.8 | $60.00 
B 2900 | Farmer Brand Prime Cottonseed Meal........... Albion® = aterainen ei: 829>| 40.0 | 2638 |) 10.92. ose 
B 2910 | Farmer Brand Prime Cottonseed Meal........... Constantine........... 8.8 | 40.8] 7.0] 10.0 54.00 
B 3098 | Farmer Brand Prime Cottonseed Meal........... Alleganeeicec scans 6.8 | 40.1 6.3 | 12.0 58.00 
Asverarey tices od 8.3 | 39.4 ic Oa LOW del erevotenenscees 
Xe licens 36.0 BHOSSI22 OF anes 
B 1868 | Farmer Brand Straight Cottonseed Meal.......... Coldwater....... \F.* 8.3 | 45.6] 7.9] 7.8] $54.00 
B 1869 | Farmer Brand Straight Cottonseed Meal.......... INGTIANE See e eee 7.5 36.9 7.0 | 13.6 63.59 
B 2486 | Farmer Brand Straight Cottonseed Meal.......... Coopersville. ...2..../; 8.7 | 36.3 72 O0nlaat 51.00 
B 2632 | Farmer Brand Straight Cottonseed Meal.......... Kalamazoo:.<......62) 82551 37.5 Geel 1l2sOS eaanceae 
B 2822 | Farmer Brard Straight Cottonseed Meal.......... MarletiGien wiss.aeee S30 S580) ko Sie5= |. 1250854200 
B 2904 | Farmer Brard Straight Cottonseed Meal.......... Three Rivers: ......... S-2ileoo4: 6.6 | 13.2 56.00 
B 2930 | Farmer Brard Straight Cottonseed Meal.......... Mormicest.osne ee 8.7 | 33.8 7.4 | 13.2 58.00 
B 3018 | Farmer Brand Straight Cottorseed Meal.......... Mt. Pleasant.......... 6.5 | 36.3 6.5 | 14.1 “55.00 
B 3206 | Farmer Brand Straight Cottonseed Meal.......... Oxfordes sees eee 8.8 | 36.9 7D.) LOe5 56.00 
B 3207 | Farmer Brand Straight Cottonseed Meal.......... Rochester: =.cnsncnen 8.3 | 35.9 6.9 | 12.1 56.00 
B 3266 | Farmer Brand Straight Cottonseed Meal.......... Constantine........... 8.3 | 35.8 64eI5s1 56.00 
B 3274 | Farmer Brand Straight Cottorseed Meal.......... Hillsdalex yes gers 8.2 | 36.6] 6.7 | 15.2 58.00 
B 3282 | Farmer Brand Straight Cottonseed Meal.......... Kalamazoo... <2... -- - 9.1 | 36.6 6/2654] SI DVASIE eee 
B 3283 | Farmer Brand Straight Cottonseed Meal.......... Kalamazoo............ 8.9 | 35.7 7.0 | 12.8 2 90 
B 3298 | Farmer Brand Straight Cottonseed Meal.......... Battle Creek. -........ 6.8 | 34.9 | 6.3.) 17.1 57 00 
IAS Eraver a. sake nee 8.2 | 36.1 ALUN FOB S( al ae a ia 
F. W. Brode & Co., Memphis, Tenn. 
B 2823 | Jay Brand Cottonseed Meal....................- Fremont......... {GSO eee 362 0), 20, OMS 145 0s heer esse 
; \F.* 8.4 | 37.3 7.3 | 10.4 $52 00 
B 2963 | Jay Brand Cottonseed Meal..................... Nagin a weer eee FAG SOn24|- Oea|) Leva eee 
B 2999 | Jay Brard Cottonseed Meal..................... iROntIaCas eee Rate 9.1) 36.8] 5.8} 11.3 2 90 
B 3026 | Jay Brand Cottonseed Meal..................... Reed (Cityeus-n sens 7.9 | 36.5} 6.5] 13.8 60 00 . 
B 3027 |- Jay Brand Cottonseed Meal..................... Reed. City: rene. ace 1282|° 36.2 |) Grol 13.3 60 00 
B 3035 | Jay Brand Cottonseed Meal..................... Ibe. Royaee eee jap |Pstyare 6.8 | 13.8 58 00 
B 3120 | Jay Brand Cottonseed Meal.................-... Rockford®eessse eee 8.85] 80.55), 16:9 | 13-2 60 00 
B 3125 | Jay Brand Cottonseed Meal.................... JamestowD............ 9.1 | 35.9] 6.6] 14.1 54 00 
Average. o.ssccsee 825) | 8025 4| ae lel o ers ia| carers cea 


*Abbreviations for Guaranteed and Found. > 


; 
s) 
= 
4 
5 
: 
ws 
¥ 
— 
i, 


Laboratory 
number 


B 2582 
B 3097 


B 2687 


B 2858 
B 3329 


B 2636 


B 2873 


B 2991 
B 3302 


*Abbreviations for Guaranteed and Found. 
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Manfacturer and Trade Name. Sampled at rj = & AE se 
iS ° By 2 BE 
a 3 3 3 oP 
is = z z =S 
= 5 5 6) Ald 
F. W. Brodie & Co., Memphis, Tenn.—Concluded. 
Owl Brand Cottonseed Meal...............----- Spartase.eeacea: (G2eeees 41°00} -620) |P100) | Soe eee 
\F* |. 8.4 | 42.5] 6.3] 10.4] $51 50 
Owl Brand Cottonseed Meal...............----- Alleraniacn ac seanes 7.5) 41.3 | 8.0] 9.3 60 00 
AVOTR LOS cus elastics 8.0 | 41.9 PPA AL RD IE ee 
Buckeye Cotton Oil Co., Cincinnati, Ohio. 
Buckeye Good Cottonseed Meal..............-.- Jamestown....... HC il leaner SOF OL OF On|) 14c0F| eee soe: 
teed 8. 33.5 6e35|-1520 $54 00 
Buckeye Good Cottonseed Meal..............-.- ‘Yipsilantiensse emacs Ss 300 6.0 | 15.4 58 00 
Buckeye Good Cottonseed Meal......:.......-.. TAnsiN gio see cela stiees 8. 34.4 | 7.0°| 13.7 2 85 
Buckeye Good Cottonseed Meal..............--. BircheRunieen ovaries 3. 39.1] 6.9] 10.2 2 85 
Buckeye Good Cottonseed Meal..............--. BictRapldseeess- sees 8. SL On ec oeeelal Ons 60 00 
Buckeye Good Cottonseed Meal...............-. Chesaning... 8. Sbe2ale Sala) 15:9 55 00 
Buckeye Good Cottonseed Meal................- Battle Creek..........] 8 33.9°] 7.7 | 14.6 60 00 
Buckeye Good Cottonseed Meal................- Dansing ss aoc eee 8. 36.0),|- 5-4 |} 15.5 56 00 
ANVETAZE Sos cei a Seach aoas [ee Oran | lana e carps 
S. P. Davis, Little Rock, Ark. 
Good Luck Brand Cottonseed Meal.............. Mt. Pleasant... . Getalocaes AE Onie G0 GeOs Sion cess 
dpe 726° || 238201 6.2) | 1327.1" $58.00 
Good Luck Brand Cottonseed Meal...........-.. Shepherd).c:..s-0-8-.0 8.0 | 37.6] 5.8 | 14.3 60 00 
AVOTARC. coche o.. WeBalese a GulnGLOr | AED uli neerstys. 
Veribest Cottonseed Meal...........22.-2---0-+5 Watervliet....... Gack SSzpel nO lOM el OsOl | eaters 
F.* 8. 39.0] 6.8] 11.3] $60 00 
Veribest Cottonseed Meal..............-...----- Blktoms gaecce cciseees 8. Bey eel Nd ia at as cee 
Veribest Cottonseed*Meal. 2.2.05 ..c02-cccenes =: Clintons... ceeee 8. 37.0 | 6.2 | 11.5 50 00 
ANVELage! sa cass a: 8. 37.1 Groat 2cor |e. acres 
East St. Louis Cotton Oil Co., National Stock 
- Yards, Hil. 
East St. Louis Cottonseed Meal................. Ann Arbor....... {Geer yosnec 238 Out moe Osea 2 AON Seen eres 
2 ; \F.* 8.4 | 40.0] 6.8] 10.5} $58 50 
St. Clair Brand Cottonseed Meal..............-- Adriane: 2.22 (Get | Saise:s SOLON -OF0L 1 16.0" [eco 
\F.* (fe 35.5 5.7 | 14.4 53 50 
St. Clair Brand Cottonseed Meal................ Clinton ta--e aceon 8. Bite Ul Wee AE et BIL 55 00 
St. Clair Brand Cottonseed Meal................ Blissfieldt)G.case ser cc Ue Soa bP OL6") 112 53 00 
St. Clair Brand Cottonseed Meal................ N. Muskegon.......... 8. 36.1 6.4 | 13.3 55 00 
St. Clair Brand Cottonseed Meal................ Hollander seneseoe 8. 38.0 622: |F1223 61 00 
St. Clair Brand Cottonseed Meal................ Bisinwelle qatar 9. 38.9} 6.7 | 12.5 56.00 
St. Clair Brand Cottonseed Meal..............-. esheets as cteremineces 8. 36.7 } 6-4 |-12:1 3.00 
St. Clair Brand Cottonseed Meal................ Manchester............ te SONGN IE AO al ||) LUeBr | nery cee 
St. Clair Brand Cottonseed Meal................ Grass Lake............ 8.8 | 36.8] 6.7] 11.6 55 00 
St. Clair Brand Cottonseed Meal................ Coopersville........... 8. 36.1 | 5.8 | 13.6 55 00 
St. Clair Brand Cottonseed Meal............ reeaiGrandvillese: sewer ce 9. SALG) 54S 14s 28 | eee 
St. Clair Brand Cottonseed:Meal................ Wirteslsintds sat. ctarts tere 8. 37.6 6.9 | 11.4 60. 00 
St. Clair Brand Cottonseed Meal................ Richmond............ 8.8 | 36.5 | 6.5 | 12.3 3 00 
St. Clair Brand Cottonseed Meal..:............. IA GLIA Tere he foie etesaleleaare 9. 3650 | soLoritoLS 2 83 
St. Clair Brand Cottonseed Meal................ Kalamazoo... oaceetioc 8. 36.0 | 5.8 | 13.7 55 00 
St. Clair Brand Cottonseed Meal...............- Plainwelle:, sctccs-cerec 8. 35.9 | 6.0} 14.2 3 00 
St. Clair Brand Cottonseed Meal................ JackBONyosck eee otee 8. 3624.4) 5.5°). 12.7 58 00 
é AV6Yrage :x,.4. seco 8. BUR y (al tender tal | a Panto pees 
Feeders Supply Co., Kansas City, Mo. 
Equity Brand Cottonseed Meal..........-...:..-. Kalamazoo....... Geese S.: S205 leo: Ont a4: OM eee 
as 7.6 | 36.8 | 7.6] 11.8] $58 00 
Hayes Grain & Commission Co., Little Reck, Ark. 
Arkansaw Brand Cottonseed Meal............... JacksODinn. «cee: (Cail ene SOLOh | MOR OL tl ORO} mcajaceeree 
1g? 6. 35.1 Ginette! Binarhesae 
Arkansaw Brand Cottonseed Meal............... Hollyc.d aoce wanes stents 8. SEAS OF Onielo sie |tccrmeoe 
Arkansaw Brand Cottonseed Meal............... Jacksons. 722.5). Sst 8. 36.7 | 6.2.) 12.6 58 00 
AVGIAges einen: Ue 36.4] 6.0 | 14.6 |...... 
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See 2 3 LK Ss 
$5 Manufacturer and Trade Name. Sampled at z = S = Se 
5 &§ os) © © @ St cs 
o3 2 a=) is) 3 Oo 
25 S z z aye |cecrst se 
| = S) S) o gy 
Humphreys-Godwin Co., Memphis, Tenn. 
B 2508 | Danish Cottonseed Meal....................-... Grand Rapids....{G.* |...... 3620) oe On mi onOn| sean 
; y \F* 8.0 | 36.4 6.9 | 14.5 $54 00 
B 2535 | Danish Cottonseed: Meals 05 Unceee en.) toe Grandville tesco. LAD WODeSuL WOT Loe 56 00 
B 2557 | Danish Cottonseed Meal........................ Muskegonie. soe see: 19) -3457 |) 65371 1356 55 00 
B 2574 | Danish Cottonseed Meal.....................--. Spartast see eee 8.2 | 37.5 TOMI = 7 58 00 
B 2583 | Danish Cottonseed Meal 7.9 | 36.2 | 6.3 | 13.9 57 00 
B 2591 | Danish Cottonseed Meal 7.9 | 37.0} 6.6] 12.9 55 00 
B 2674 | Danish Cottonseed Meal 8.7 | 34.6 | 5.8 | 15.0 57 00 
B 3054 | Danish Cottonseed Meal 8.6 | 38.0} 6.4 | 12.2 60 00 
B 3100 | Danish Cottonseed Meal 8.0} 37.6 | 5.9 | 13.7 55 00 
B 3117 | Danish Cottonseed Meal 7.6 | 36.1] 6.1] 14.6 62 00 
8.0 | 36.7 Sees Ji foal S30 a | aioe seca 
B 3136 | Dixie Brand Cottonseed Meal...............-.... Fremont..)...... Gene cee ATOs|eebt ose 100m aa eeseer 
\F* | 8.4] 42.7] 7.6| 9.2] $57 00 
Interstate Feed Association, Detroit, Mich. 
B 2953 | Superior Brand Cottonseed Meal................ Bay City. 22-7... (Git alice ons SSh6 |e ZO 12205 | ere eee 
: \F* 8.4 | 39.4 Wear iol0ss 3 25 
B 3216 | Superior Brand Cottonseed Meal................ Eaton Rapids......... gra 38- Ol 7.0n) leo 3 00 
IAVeragze®..\cracctnna: 8.9 | 39.1 (fal Use So aeese 
National Feed Co. St., Louis, Mo. : 
BrQ896 | Cottonseed’ Mealissecicct crac. ccisicie els stelersiareeuareies Devereaux....... [Geka ee Soro) |hO5 54] 40) |ercseee 
Ra OR2NEAO ED sha 725 Ib 098 feleemearece 
W.C. Northern, Little Rock, Ark. 
BiBZ057- wb uttertiys Meals > ctrt. scree closeins caciem ener seule Grand Rapids... (he aceite 3826. [020i 2 sO heer. 
F* 8.5 | 38.7 6.1 | 10.6 $60 00 
B 3045 | Standard Brand Cottonseed Meal................ Cedar Springs....{G.* |...... S650%5| "5 509} 912200 cme se 
; F* | 8.2] 37.0| 5.8| 14.2] 60 00 
B 3048 | Standard Brand Cottonseed Meal................ Comstock Park........ 9.3 | 35.0] 5.7 | 15.5 57 00 
MA VErARCsoc)ieieiolccice 828) RoOLOs| moron tacoma 
Wagner White Co., Inc., Jackson, Mich. 
B 2625 | Wawco Brand Cottonseed Meal................. Marshall......... ihe ase 300) | esos Ol eee Olalactetcices 
F* 7.4 | 37.4 (ee 5a] 5d Get lil [Sees 
B 2731 | Wawco Brand Cottonseed Meal...............-. Mason escenee toes. 7.6 | 31.7] 5.9] 16.3 $3 75 
B 2796 | Wawco Brand Cottonseed Meal.............-..- Mt. Clemens.......... 7.6 | 36.9 (|G 2 70 
AVETAZC Sass ooecies Ted eoeo GGa| else eeetee 
E. L. Wellman, Grand Rapids, Mich. 
B 2675 | Feeders Favorite Cottonseed Meal............... Fennville........ If Giseal Saesciete 3850917 ROROs telasOnl kere sieere 
si -\F* } 8.3 | 41.4] 7.4] 10.5 | $59 00 
B 3032 | Feeders Favorite Cottonseed Meal............... Cadillac as ecencroer 8.1 | 36.5} 6.8 | 12.7 60 00 
B 3151 | Feeders Favorite Cottonseed Meal............... Coopersville........... Siva) Stee tienoe dal aise 57 00 
Average..........- 84a) B84 Seka) Qe 2 Peer 
COTTONSEED FEED. 
American Cotton Oil Co., New York, N. Y. 
B 2633 | Columbia Cottonseed Feed.............-.0----5- Kalamazoo....... (Re Meer 20 Foc Lect OulszonOnleeeceee 
; ; F* | 8.6} 23.8} 4.3 | 22.9] $50 00 
B 3029 | Columbia Cottonseed Feed..............-..++05- Reed City: sn cecnnciste 9.8] 19.7] 3.4] 24.0]...... ae 
Average.....s0.e06] O22 SL Silas Ou ras Oulertenea. C 


*Abbreviations for Guaranteed and Found, £ 


B 2692 


B 3010 
B 3244 


Lo} 


3053 


o 


3099 


B 3260 


B 2509 


B 2565 
B 2659 
B 2715 
B 2787 
B 2833 
B 2929 
B 2962 


B 1991 


B 2515 
B 2711 
B 2936 
B 2947 
B 2961 
B 3005 
B 3022 
B 3047 
B 3081 
B 3137 


B 2903 


B 1908 


B 3233 


B 2685 
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Manfacturer and Trade Name. 


S. P. Davis, Little Rock, Ark. 


Beauty Brand Cottonseed Feed 


Beauty Brand Cottonseed Feed 
Beauty Brand Cottonseed Feed 


Humphreys-Godwin Co., Memphis, Tenn. 
No. 77 Cottonseed leed............. 


No. 77 Cottonseed Feed... . . 


Tennessee Fibre Co., Memphis, Tenn. 


Creamo Brand Cottonseed Feed. 


LINSEED MEAL. 


American Linseed Co., Buffalo, N. Y. 


O. P. Linseed Oil Meal 

OSPelinseed (OilliMeals vec... «ure oviee nies oe 

OS Ginseed.OillMeallce 65. Socriteen Xe | oa ee 
OFREingeed | OilNMeal s24r.5 nnn ee etn 
O. P. Linseed Oil Meal... . 

OMPoinseed! OiliMealicc. 2. speach. oes dence 
OP: Linseed. Oil Meals 22.. sincn2 asec 
ORPFTinseedOuliMeal ss. = s~ onctetee ec. 


American Milling Co., Peoria, Ill. 


Amco O, P. Linseed Meal.... 
Ameo O. P. 
Ameo O. P. 
Ameo O. P. 
Ameo O. P. 
Ameo O. P, 
Amco O. P. 
Ameo O. P. 
Ameo O. P, 
Ameo O. P. 
Amco O. P. 


Linseed Meal... 
Linseed Meal. . 
Linseed Meal.... 
Linseed Meal 
Linseed Meal 
Linseed Meal... 
Linseed Meal 
Linseed Meal... 
Linseed Meal. . 
Linseed Meal. 


Archer Daniels Linseed Co., Minneapolis, Minn. 

Old Process Ground Oil Cake Meal.............. 

Chicago Heights Oil Manufacturing Co., Chicago 
Illinois. 

OMS liaxotCalkcesMieale 0 sen teers, ceevsreciacierieets 

OPS TaxoiCakeMealit= epic osteo enste = 


pONP. OullMealas jesse i Sathttas es rapebersielaeD ore) o elses 


, 


Sampled at 
| Benton Harbor... {G.* 
\F* 
Lake Odessa... .... 
Winter yes ne tosh hase 
Average. . 
Grand Rapids... ./G* 
\F.* 
Conkling=a nko 
Average 
Jackson:.........{G2 
)Fe* 
Grand Rapids G* 
\F* 
Muskegon............ 
Battle Creek 
Hudson@eeee nee 
Ann Arbor 
Imlay: City tiene cee as 
Morricessise fee ctectacihs 
Saginaw......... 
AVCIAL Or insoles Loe 
Morenci..... {G* 
\F* 
Grand Rapids 
JAGIMET Nise BASE 
Saginaw...... 
Bay City...... 
Saginaw... semen. 
Mulliken 
C@lare=.4:.... 
Cedar Springs 
Grand Rapids......... 
Hremontss eee 
Average...... 
| 
Albion Bes) Gee 
| F* 
Detroitvses «22. (Ge 
\F* 
Royval/@als esa ne 
Average: cad -nu los: 
Hartford. ........ {G* 
\P* 


iH E P 
3 o +3 g mea 
Bb =| Bosak ney Se 
2 = = = o> 
x) a 2 = a) 
= iS) oO iS) AY 
IRS Sic 36.0 6.0 | 14.0 se aks 
9.2 | 36.2 624, |) 12)2. 60 00 
7.8 | 35.6 5.9. | 13.3 aes 
8.5 | 35.8 GROSS AG. | sec 
8.5) 35.9 6.1 | 13.0 
PE SEE 20.0 4.0) 28-0012. 
827. | 20:2 3.2 | 26.4 $50 00 
8.045201 SQ 250, 40 00 
8.4 | 20.7 Sie | iden I oso oee 
Kaas 20.0 A0a|\ 2000 ieatetenee 
10.4 | 19.0 Sail loo $2).25 
pan] 8420 5.0 8.0 
10.0 | 34.3 5.4 8.2 60 00 
9.2 | 38.0 6.0 7.4 66 00 
9.0 | 36.6 6.1 7.8 63 00 
9.7 | 34.7 5.4 8.5 3 20 
9.1 | 36.5 6.1 eo 315 
9.0 | 38.4 6.5 Chee 3 00 
8.4 | 36.8 62 (hats 3 25 
10.5 | 33.9 Ly? pot Lad Retest eee 
9.4 | 36.2 5.9 7.8 
We SOR00 ic 20h SION Osea, 
10.2 | 26.4 6.4 | 10.0 $58 00 
10.3 | 28.4 6.0 | 10.0 64 00 
10.0 | 27.7 6.2 | 10.0 59 00 
10.1 | 30.9 7.4 9.4 3) 20 
9.4 | 28.6 6.7 9.8 3 00 
10.9 | 31.9 7.4 BOT aus css 
es ia eye | 6.8 9.3 70 00 
10.5 32-8 6.3 3.7 65 00 
9.5 | -31.9 Dee, 8.8 65 00 
10.7 | 30.8 6.4 9.0 64 00 
10.0 | 31.1 6.4] 10.5 63 00 
10.1 | 30.2 6.5 OS0N aexee 
Sa 33.0 6.0 | 10.0) |i. : 
9.1-| 36.1 6.7 8.4 $3 20 
ee 25.0 GEOR F220 ect. 
10.2 | 28.2 Ustl 9.5 3 00 
9.3 | 31.1 7.5 9.4 3.15 
9.8 | 29.7 7.6 Lia teed ea 
retains 32.0 GEOR LOBOS Mroert: 
12°9 | 37.6 7.4 6.6 $65 00 


*Abbreviations for Guaranteed and Found. 
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Manufacturer and Trade Name. Sampled at a. = 3 = 52 
213 || soh-s2 
Ss z z ae ee 
= 6) 6) S) BS 
Hirst & Begley Linseed Co., Chicago, Illinois. 
B 2484 | (0: P: TinseediCake Meal’. 2. sae... .cceeee ccs oe Grand Rapids... .f/G.* |...... S450) “6200920 cee 
\F> 9.8 | 30.8 6.5 8.9 $60 00 
B.2526) | O-sPs Dinseedi@ake’Mealii.c2 5 fsa ceaecoe tae oat Zeclandin save ack ee 9.4 | 36.3 | 6:9; 8.0 63 00 
By25427| |ONPsipsecds Cake uMealase con ck ccs snube viene Hollands sce ne kres 9.2 | 36.3) 56) 8.6 60. 00 
B22584 | (OLPSinnseed; Cake: Meal\.: > 3.20.23 =. sees ore Miriesland 2 Sos oe 8.4.) S8e |e erat 5729 62 00 
Bi2593' |"O} Ps iinseed Cake Mealu....5. 05 2. cu sl reme nce Forrest Grove......... PSPS cil Petia bat et a7.! 60 00 
By2670n1) OMPsTinseed) Cake Meal... 2 205-2 -. aee le wee Jamestown............ 1OZ0RRSSelal Duos ine. 60 00 
Bie 6iom | Osbelinseed. CakewMedlin:, saan ieee anne ete Jamestown............| 8.5 | 36.1 Giver 9. 60 00 
Be2b tree One wluinseed) Cake Mealet em seem stn rset Hennyille:c: ates. o. 8:6") 3625 |' 658 |-.7.6 65 09 
Be e0nsOhb=lingeed. Cake’ Meal: 320. essences Mason..... pears ro 9.4°) 34.5) 6.1 728 3 50 
Brs084. | (OF PainseediGake Meal a se veces... dee eee Grand Rapids......... 9.0 | 34.8 | 6.5] 10.6 60 00 
Average. Bret teh. OES SS5E Sel bron RS toule heer 
Metzger Seed & Oil Co., Toledo, Ohio. — 
Bn19245 OS PaOil- Meal sae ose cms secs Spottt cere a 3050)}e25 200 SOLON peepee 
5 34.8 7.1 that i $3 00 
Bi1947-5| OMPNOjliMeali cease mo cetacean ee fo ball Weert bel ion or dor 57 06 
12198540 SPs Oils Meal a eee eee aie eee 36.7 7.4 Wau 60 00 
BiSOLIE | O}APxO ileal ses iceeer soreeceaaee ees Lake Odessa Cte Be eae SFE (ECG): Shee 
36.3 6.5 CATS Ese <8 
Midland Linseed Products Cc,, Minneapolis, 
Minn. 
B 2630 | O. P. Ground Linseed Cake...:................- Kalamazoo....... CE HE ee ee 32°0F |) s5xOn| 2 OR OF eee 
; \F* | 10.2 | 34.8] 6.3] 8.1] $66 00 
B 2693 || O-P: Ground Linseed'Gake..... 222222... 002: 0 Benton Harbor..... . 2 | 9:00 eS8s20lF (6788| 27265) 270100 
AVEDA PO... < 2:5 coors. 9.6 | 36.5 6.6 CeO sete 
Milwaukee Linseed Oil Works, Milwaukee, 
Wis. 
B/2598 | O; Ps Ground IhinseedCakesoj5 0. c222.nes.c eee Holland@aascuees Ge eee 328 08 POON 10! Oates cies 
1 | er Kaa hal os Bye) 7.4 7.6 $60 00 
Sherwin-Williams Co., Cleve!and, Ohio. 
Bis2atae Sa Ws Cenbanseed: Oill Mealins gems vie ie seein AGHA lies tener Gea eA cee 3320415 620))| S8n0N |e cron. 
B*"|- 9s e37e1 6.6 | 9.0 $3.05 
Spencer-Kellogg Co.. Inc.. Buffalo, N. Y. 
Becolzaebure, OSP* OiluWeal sis # se ches eos sate Molines-=2 sae [Ge eee SOO ator Oa teel ORO er cemeeaes 
f ‘ ¥* 9.4 | 37.2 5.8 ab $6300 
Bie iala| | ebure. Once Ol: Mealienen. aac eee Teele’ ee fos pee 2.8 10783) -3228r lio Saleen 3 40 
Be s68ia|) eure: Obs Onl eal ie teary ie ar eng area Jacksons. scene cene: WEBS ESY (Say | eC aTetiial rata: 3 10 
Br149e| Pure Ose. Oil Mealk aes tence cece as Benlitiverntan cent LORD owen 6.4 fas) 65 00 
IAVOLAR Cad scorns: 10.0 | 36.2 6.1 ey Fa Wik. a ge 
Toledo Seed & Oil Co., Toledo, Ohio. 
B 1883 |-Major Brand O. P: Oil Meal. ................... | Deétroitassccstecn cy) Got eesa SOLO espe ON SOLO Eten 
5 \F* 9.4 | 33.1 6.5 9.1 $2 95 
Buld55 alo MajonBrandiO se. OiiMealymseteeeeese en nee Detrovieese a Aes BDA poate 4 OFde lee ons 3 00 
B 1958 | Major Brand O. P..Oil Meal.................... Detroit Saceter seer 8.9 | 33.5 6.3 eo) 2 90 
B 2619 |; Major Brand’ @)P. Oil Meals. s.c..4- 200. 2s Plainwelleen scree es 105 1). 342831) OL 9 See 65-00 
Be2681 3/SMajor Brand! OPS Oi)Mealeos enorme. coe IBAnEOCS- neater ee 1028) |W83h6u|eaore eouso 70 00 
B 2700 | Major Brand O. P. Oil Meal.................... Greenville..........2.. 10.6 j 33.5 6.0 8.3 60 00 
Bi2775) | Major Brand(O5 b> OilMealeo es nae tenia. saan Tansings..sea geen eer 8285 PSOE 6. 2aleate 3.50 
B 2945 | Major Brand O. P. Oil Meal.......50........5.. Gladwinka as eeoesone 1039S oc Onl peo teaed: 3 50 
2 AVeGragenseiteaseeiee 9.8 | 34.3 6.2 8220 keen 


*Abbreviations for Guaranteed and Found. 


Laboratory 
number. 


B 2801 


B 2894 
B 3245 


B 3303 


B 2726. 
B 2863 


B 2546 
B 2867 


B 3085 
B 3142 


B 2746 


B 2869 
B 3102 


B 2585 
B 2654 
B 2716 
B 2802 


B 1941 


B 2789 
B 2792 
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Manfacturer and Trade Name. Sampled at 2 z a q 5 2 
3 3) i) o 2 o 
“hes a2} eS “= oS 
S a = a eC 
= 'S) é) ‘S) Ay 
DISTILLERS’ DRIED GRAINS. 
Chiefly from Corn. 
Continental Cerea! Co., Peoria. Ill. 
Continental: G@lutenWeediai 93s... sccs ctu e ee: Monroezas ene Gok las see 290 ielO20 |e1O0c eae oF 
FP |< 7.2 | -84-32|.1053 | 9.9-|-.. 2. 
Continental Gluten Feed.:.:................05.. Vpstlanth se teias nce aot Gls | 286292 AIFASo I BS z OMe reese 
Continental Gluten! Peed isis. ack + curiae store eee Blinte case sree ee iO | woo Os OR al aed“ ce sere mene 
Average........... 710: [23424 |, 1273) 914 |. 
The Dewey Bros. Co., Blanchester. Ohio. 
Mae lershl)! Grains eevssesnseee otnte cease eters eve Sateen Weshie:ce='tasscee ((.S Bodell lanheae es SOLON LOLOs S00 |e eee 
; \F* Deon |) LOS he lOMl | paliZ.5 $3 25 
YEAST AND VINEGAR DRIED GRAINS. 
J. E. Bartlett Co., Jackson, Mich 
Bartlett’s Malt By-Product..................... North Adams. .../G.* |...... 18.0] 5.0] 14.0 
jE | 628 | 20°8 17.6 |.15.2°|.s2- = 
Bartlett’s Malt. By-Product.................-. JACKSON See soe feta tees bag 52a evr 20) phy 
IAVELA GE! soak aioe Osi enlont (oye: bl Heals 3) Cal Fe gh ee 
The Fleischmann Co., Chicago, Ill. 
Fleischmann’s Dried Grains-............-....... Nunica-oieeee [GR oe 19KO: ee F0) [1920 Sx 
: \F* | 8.1] 17.3] 6.11 18.8] $52 00 
Fleischmann’s Dried Grains..................... Jacksons ane 6.7 | 18.2 | 6.4 | 18.0 2 50 
Fleischmann’s Dried’Grains.-..../. 0... .c2 . ss. Grand Rapids....... 8.0 | 1729) 5.0} 18:0 53 00 
Fleischmann’s Dried Grains...............-..... Grand Rapids........ Tied LSA lm Oey te | ye leper eee 
Averages: «dias: 7.6 | 18.0 aya Fl al SSRs be Be pera hie 
Fleischmann’s Dried Malt Grains................ Wheslie=- 5 see (Gees oe QOA0 uly UO ei sO) Waecwee ee 
: - \F* 520) | .23).8 94 15.1 $2 50 
Fleischmann's Dried Malt Grains................ Jacksons 4e-e eee 5.4519 22745 | 7/88) 16.4 2 50 
Fleischmann’s Dried Malt Grains................ Coopersville.......... Cele 242645 9).5 4p Lord: 48 00 
Averages. ......55. Sao! |eeono, Oa eal PL5 (es || stenecrscccnie 
Kellogg Toasted Corn Flake Co., Battle Creek, 
Mich. 
Dried¥BrewerslGralnasccterteccmes cee. areas Vriesland........ Shatin eee tee 25el! Eive( Oe tI fal at rie ra 
E F.* 8.4 [31.2 4.8) 11.3 $50 00 
Dried Brewers Grainsy. 300 wee. se) ne erence sae loe Battle Creek...:...7.: D267 |e29-4> | ono. | eed 45 00 
Dried Brewers Grains ays: sas state ts one udsonieen ania orc Coy Aarl eevee eeetayer- tel wal KE YY 2 50 
DrvediBrewers Grains 35.59: seers sacle cee Monroe gine See ies cre SEOueo dO evo al les Oi lee er. cos 
AV GTAZ Os: chins see 7.62) 31.9 Bae eel ein ferns 
DRIED BREWERS’ GRAINS. e 
K. & E. Neumond. St. Louis, Mo. 
Goldnes Kalb Dried Brewers Grains..............] Detroit........../G* Beelezee Ol eOn Oh Mla Onl ere peecs 
Wee al Se7egnpoteat ea Sead [et 5 se |es oes 
CORN GLUTEN FEED,” 
American Maize Products Co., New York, N. Y. 
Cream of Corn Gluten Feed..................... AnneArborsscsaiGertl risa: DSR OM ealtorleScoull eric ce 
\F.* | 10.0 | 25.0 1.6 6.2 $2 65 
GCreambofCorn Gluten Heed. :i2: 4.0 s< «- selene iAnnvAnbonaminecrrrcc 9.7 | 24.5 145 \6760) 53 00 
Average........... 9.9 | 24.8 1.5 (oF Oe ae eee 
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a P 
: 2 re s 
z ae . So J 2 exe, 
ar Manufacturer and Trade Name. Sampled at 2 = & P=} at 
£6 21 @ |e \-2 loge 
BE ‘3 S|) Ze het 
s s : S) 5) Ss) a 
eo ia a ee = ———| = 
Clinton Sugar Refining Co., Clinton, lowa. | 
B 2712. |"Clinton' Corn'GlutenMeeds. 2. -. 2c. Joe are ates Adrian. roses {GH | has 23.0 COV es Se0\t eee 
F* |g 5 | 26.0| 2.4| 7.0} $58 00 
Corn Products Refining Co., New York, N. Y. 
| . | 
B 1920 | Buffalo Corn Gluten Feed....................... Detroithec seacnc ACE Meer Pe2scOMle 100) |etBeD alee eee e 
WD ce MICA fa aA (Sy 2 75 
B 1945 | Buffalo Corn Gluten Feed................5...... Detrolterease ince =r 8.4 | 28.9! 1.5 8.1 54 00 
B 1994 | Buffalo Corn Gluten Feed.................. el IM OnenGi sete srt 5s | 9.5 | 28.0| 1.4] 7.2} 57 00 
B 2476 | Buffalo Corn Gluten Feed.....................-. Grand Rapids......... 9.5 28.3 124.) 204 56 00 
B 2765 | Buffalo Corn Gluten Feed....................... Lansing.....-..-.-----| 12.6 25.7 1*3 7.4 3 25 
B 2777 | Buffalo Corn Gluten Feed....................... Wa nsinp tose eee 9.8 | 29.2 1.5 6.7 3 00 
A VOLACC$.5 52 me 9.8 | 27.5 1-7 124 Se 
Douglas Company, Cedar Rapids. la. 
B 2567 | Douglas Corn Gluten Feed.................-..-- Muskegon....... [Gone aes PAU AE TI ert el oats Re 2 
\F* | §.8)26.7) 1.6 | 8-4] $52 00 
B 2704 | Douglas Corn Gluten Feed.................-..-. Adriane: seaeee Bases moe lia cdvacy 1.4] 6.6 58 00 
AVerapey se eee 8.9 | 26.5 1.5 TTA te ae 
1 J.C. Hubinger Bros. Co., Keokuk, la. 
Bi2so2 i ickens Com Glutenwweed neces eee aac see re iciaee SVpatla ntdaeg: oe 21) Gross | are ee 23.0 | 2.4 FH goed ob 
F* | 9.0 | 22.1 | 3.6 | 6.6] $60 00 
Huron Milling Co., Harbor Beach, Mich. 
B 2830 | Jenks Corn Gluten Feed....................-.+- Bad Axe......... (GOED ees | 322200) cS 0| er SHOe peste oem 
\F.* 7a9u| onl Aue eG 3 00 
B 2838 | Jenks Corn Gluten Feed.................-.--0- Ptehurons! «ncn 92|25.6| 4.2| 7.4 57 00 
B.2857- |) Jenks Corn ‘Gluten-Weed!2. = =. nceus cous ses eee Harbor Beach......... 8.2 | 25.4 3.0 few 2 95 
RvaraeGrc ates Rod: 25c4 | a eOclow alee ee 
CORN GLUTEN MEAL. 
Corn Products Refining Co., New York, N. Y. 
B 2773 | Diamond Corn Gluten Meal.................... Lansing bao 29)| Casta | Been 40.0 1205) 420 ei cee 2 
NESE G6 paste eNO eels Ome cee 
HOMINY FEEDS. 
Beck Cereal Co.. Detroit, Mich. 
B 3237 | Royal Hominy Feed Meal...............-...... Detroitees noe GEE" CR aee 10.0 6.0 G20cl eee 
: WEF A/a be OA oe Sr |e cot | eee 
B 3239 | Royal Hominy Feed Meal.......- a ee ee Wetroitzence sesh 13312 { DOPG 46203 52043 eee 
Averavexc Sesh. dere 12.3 | 10.5 (oe: HY Nea: Sf ee 
Evans Milling Co., Indianapolis, Indiana. . 
Bi3230>,|m Hominyshleedeerar 1.28. ster tecis sancti. neers Birmingham.....fG.* |._.... MOS eeriGs all CU lenn eace 
\F* | 10.6 | 10.0 6.8 ath $3 10 
Chas. A. Krause Milling Co., Milwaukee. 
Wisconsin. 
B)1951 1) Bad ger! Hominy, Heed’ 4+... nasa eee ee ee Detrowts oon oe KORA aos. 1020217 6203\) s550) eects 
; \E |i Heald 3 || s686r)4 5) | eee 
B-1978"| Badger Hominy Feed. 222, 02... - secesse-)0 22 Clinton. 22s eee LOPS HU eane tas 65 00 
B)2475) | Badger Hominy, Need )\sosass. secesen eerie Grand Rapids......... ONG ER P14 le 7eoN| ao ee 62 00 
1B12559) | =Badger, Hominysb eed: neces eee eee ae ee Muskegon............ 9.2 | 10.2 8.3 4.9 65 00 
Averages eich See SixZe)}) DEO ie s0y ON | eee 
*Abbreviations for Guaranteed and Found, 
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ae wus : sree 2 ; Se Es 
| = 
Se = A 5 = 
s& Manfacturer and Trade Name. Sampled at g = 3 a 5+ 
Zs = 2 @ Co) a 3 
22 Sloe See ee 
4 SHARC / lg Comele ream pg 
CORN OIL CAKE MEAL. 
American Hominy Co., Indianapolis, Indiana. 
Bigo572.| sbomcolinesleed sescncme. con setters cele its) a ate ota Jacksonte. asec. (Gee) Rese: LOE OFS 720) |eeeeee 
r* 6.4 | 17.0 (iti) BTC a See 
Chicago Heights Oil Mfg. Co., Chicago, Illinois. 
B 2755 | Heights Corn Oil Cake Meal.................--. St. Johns........ (GEA TSO} 1) 1820! 210502)'2... 5 ore 
\F* | 10.6 | 23.7 7.0 8.4 $3. 00 
B 3156 | Heights Corn Oil Cake Meal..............--...- Holland! Some ee oe 1322716 See Sie ze Ota ee 
IAVCrACeose sees s 11S OME 2023s ae 48 eal aces see 
Clinton Sugar Refining Co., Clinton, lowa. 
B 2880 | Clinton Corn Oil Cake Meal...............--..- Morenci......... [Gas DOLO add O OMe oe aa 
\F* |''8.9 | 19.8 | 10.4] 8.2| $66 00 
Corn Products Refining Co., New York. N. Y. 
B 2905-| Argo Corn Oil Cake Meal................--+-4.- Constantine...../G.* |._.... 18: Ox) e720) PSO lee eee 
¥ ; \E* | -9°3°J19.5'| 11.4-}-10.0 3 50 
B 2907 | Argo Corn Oil Cake Meal..-........<..--.--2--- Constantine........... 10.7 | 19.1 8.9 |- 9.1 3 25 
AVETAGE= 6 ono neces 1080+ | "19532 | 10527) OlGH Neo secre 
Byesstsl|Diamond Hog Mealiy....cs. cuss stsie since s accesieeie Adrian ..ceeesst GEER ee ASe One 24- 0), ml3- Os | eee 
: [EF GEA 2062 hn 9-2 | Ola Soo. 
BislssaleDiamond Hog, Mealinw a. daciesDoe nese stole: Bremont sees. ccnje isis 8.9 | 16.7 | 11.7 | 10.9 | $65 00 
AVveragencnctene ec Cr Pi Fey fa Peo EG ta es (108 Re See 
- CORN FEED MEAL. 
Commercial Milling Co., Detroit, Mich. 
B 1902 | Henkel’s Coarse Feed Corn Meal...............- Detroiteecesseners [Gee ens SEB Ne caser| 2eOjeseener 
; : VEF SISO Sept Sule Gol! || 229) |sesccaee 
B 1919 | Henkel’s Coarse Feed Corn Meal................}. Detroitsss sonanc sheen 118 Ve1OT LE one 2atal wes 
Average.........+. WB He yl eg he Fel fee Ua NE Det Ne a 
Dahnke Walker Milling Co., Union City. Tenn. 
B 2641 | Danco Feed Offal from White Corn.............. Allegan:):.c2n 0% (Gee 10:0)|) --O8l GHONseace ee 
= \F* | 10.2} 9.6} 6.6] 7.0] $70 00 
B 2907 | Danco Feed Offal from White Corn.......... misgei~ @ AGIOBAN orc. s1sicreiereisiers «l= 10.8 | 10.4} 63] 7.2 375 
Average.........-- 10°55| 10.0112 620) | -FEUR chee cee 
Darrah Milling Co., Big Rapids. Mich. 
Bi30408);Unbolted Corn 'Meal)..25-<-. so. ae are -wisee» sieiey- Big Rapids....... (Ge ae T0825) 2-60) $o42 ie tren 
\F* | 13.8] 9.1 | 4-4] 2.5} $80 00 


King Milling Co., Lowell, Mich. 


By c460e Kong Corn! Meals: os 'oc.cree 2101s) -s'sniaa'arete ms cipictete Coopersville. ..... {he ane, 9.5 Hie Pe ee) |e ee 
WA orate guy lo Sis 4e9 78 00 

Chas. A. Krause Milling Co., Milwaukee, Wis. 
B 2751 | Badger Maizo Reddog Flour.................... St; Johns-s..-5.-- (Gees fe oc 2 ON 620) Ree cere 
E \F* | 11.2 | 11.9 8.8 2.4 3 25 


*Abbreviations for Guaranteed and Found. 
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ANALYSES OF FEEDING STUFFS FOR 1917-1918—ContTINUED. 
= “ 2 “a 5 
ia gs - rs ES > i 
$28 Manfacturer and Trade Name. Sampled at 5 = & =I SE 
Sg 2 | 8 = = o° 
Bz meer tateres|. pos (barre 
pa) a o oO i.) Ay 
Larrowe Milling Co., Detroit, Mich. 
Bid2382) |} Gorn Feed: Mealesnic5.27,.-1. eer cnet eemeric eae Birmingham..... (pe 2: nh bel ie are 
B13977, |“Corn Reed Meal Ps, tea foes oc cee cco as Tecumseh.............| 14.0] 8.8] 5.0| 4.3] 70 00 
AVeT Age at mnie 12.4 9.4 5.6 7 TA Val ie aieatt 5 
David Stott Flour Mill Co., Detroit, Mich. 
Bi3315. | Yellow Corn Peed) Meal: 3. sy.aee «> Aetecicie os wiete = Detrotienmee es [Merde | ota 3 LOLOS (16205 |b 30s | eee 
YE 11255 9.6 5.2 4.8 $3 90 
Valley City Milling Co., Grand Rapids, Mich. : 
B 2504 | Rowena Coarse Meal with ground screenings not | Grand Rapids... {Be Sasi Siete 45a eoaOs|ciereeet 
exceeding mill run. ; : Bs OMe S10! 4.7 je | 80 00 
B 2520 | Rowena Coarse Meal with ground screenings not | Grand Rapids......... DICH “926 ee b28al\ woeo 82 00 
exceeding mill run. : 
B 2592 | Rowena Coarse Meal with ground screenings not | Forrest Grove......... 11-5. | 9:82} 525.) 22:28 82 00 
exceeding mill run. : : 
B 3078 | Rowena Coarse Meal with ground screenings not | Grand Rapids........- 12.9.| 9.6} 5.5 |- 3.1 74 00 
exceeding mill run. 
Average’ os: sccs2- 12305 |-29=Soleworseled ell peers 
Watson Higgins Milling Co., Grand Rapids, 
_ Mich. 
Brl4i-aCoriheed Offal sent ata cthoc een ecrcene sees Grand Rapids... {Be DR Hee : g re EN ees 
: 1 x mie lhe eee aes 
Bisi47elsCorn Reed! Offall a risnck rac coeticahewacies seme Hudsonville........... 12.3} 10.7} 4.5] 4.8] $60 00 
: Average:.a. esx. es ik Gey (apes Kay Ce | eet st) | Mead ecco ines eee 
ANIMAL BY-PRODUCTS. 
Darling & Company, Chicago, Iliinois. 
B 2725 | Darling’s 60% Digester Tankage................. North Adams... . (Se Ee See ie ae ga 
us 5 4 4 io 
B 3297 | Darling s 60% Digester Tankage................. Galesburg. -sacaenae Oa ei0l08) 22208 ace 5 50 
AVELAPe’..\siscni epee OF SuGosiie leslesS tO deere 
B 3296 | Darling's 40% Feeding Tankage...............-- Galesburg........ (te el au es Be Sea 
i ; : , F 5 
B 2866 | Granulated Bone tor Poultry.................... Jacksonest se cee (he ete ane Og a0 ore 
. ail | 5 ‘ é 
B 3201 | Granulated Bone for Poultry..................-- Pontiac wee eee Guin | a24e aa ea 6 4 25 
IAVOTARE: snare ator HOR | pe2bsonl mone Te Si | Perea ae 
B 1878 | Darling’s'50% Meat Scraps..............+:.2<-- Metrotteesnseeee (ee Bi oe a3 a Se 
2 : ; : ; 5 
B 1927 | Darling’s 50% Meat Scraps.................000% Detroit eee eee Se77 254 98) 6eoues4s 4 00 
B 2512 | Darling’s 50% Meat'Scraps.:.......2.....2-.00- Grand Rapids......... Sra E5824 26:60) oe3 5 00 
B 2605 | Darling’s 50% Meat Scraps................-: ne | eollandk etre ee 9.1 | 57-4 | 6:3") 3-7 95 00 
B 2680 | Darling’s 50% Meat Scraps................-0-5- Bangorts=e eee Qala | a 2kON aie. jnatscs 100 00 
B 3067 | Darling’s 50% Meat Scraps.................+00-- Leeland 2ce-cccceeae 7.9 | 54.2 | 8.0 | 3.4 5 75 
B 3328 | Darling’s 50% Meat Scraps...........2-.-2.+e0 Morencite-e ton ccs 11.3 | 56.1 Teds | e323 5 50 
AVeLagese cc-maatene SOR 54e7et 25 6).25 eo dcGil| ete ciere 
B 2747 | Darling’s Standard Meat Seraps...............+- St. Johns........ fi spas 45.0 be 3 2 eas 


*Abbreviations for Guaranteed and Found. 
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| Laboratory 
| number 


B 3096 


B 1928 


B 2754 


B 1984 


B 2710 
B 3203 


B 2499 


B 2709 
B 2763 
B 3202 


B 1927 
B 3205 


B 2713 


B 3218 


B 1922 
B 3231 


B 3325 


B 2479 


B 2493 
B 3079 


Manufacturer and Trade Name. 


Sampled at 


Hartman Tankage Works, Grand Rapids, Mich. 


Hartman Vankage’. ccc ss stciamenn Sa date msicslostis 


Millenbach Bros., Detroit, Mich. 
Millenbach’s Mixed Beef Seraps................. 


Morris & Company, Chicago, Ill. 
Big Brand Digester Tankage.................... 


Swift & Company, Chicago, III. 
Digester Tankage: Jesse s.c aeons ec acdc snes 


Digester Tankage 
Digester Tankage 


Ment Scraps ern ce cee neo ne ste ae 
MealiScanstes. sateen. nea ocean: 


MeatiScrapsiaats:-neecar tr aceetacee Sanne e: 
Ment Scrapscsnes se twasot one eee ae 


Poultry Bone: Meal vcs eee: eee 
‘Poultry#Bone: Meal - ssc .556 oo oe aoe ee naar en 
Soluble! Blood! Blour so scsce cst n-t ae ce eee ee oe 


S. 1. Treat & Son, Coldwater, Mich. 
Old'Hoss'BrandPankages. 45... os <secacs- 10s 


ALFALFA MEAL. 
American Milling Co., Peoria, III. 
Alia fasMGalin sa mrcmttiscciscie ce st ea cones Som NaS 
Alfalfa Meals som cn = soot nonin Bat saad mace as 


Denver Alfalfa Milling & Products Co., Hartman, 
Colorado. 


AlfalfaiMeal ss .-bsatcen occa oe, eo alae 


Henderson Milling Co., Grand Rapids, Mich. 
PAlialrax Nd Gall °c trate eS cue lee ee ae 


AlralfaiMealt seh ee eee. 
INTRA TN NSN Ee Gi ae ace a ae it 


Grand Rapids... {fe 
Detroits.. 2.21 (pe 
St. Johns....... f as 
\F. 
Blissfield........ (Ee 
F* 
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=< = =< ot 
&& | Manufacturer and Trade Name. Sampled at s 2 © 3 as 
ae | 2 =z so ins) ) 
265 ‘S Fa 5 3 26 
4 = ') o 6) > 
— == Se a es == — = — s | 
| WHEAT BRAN. | 
| | | 
| Bernet Craft & Kaufman Milling Co., St. Louis, Mo. 
| | | 
B 2996 Wheat Bran with ground screenings not exceeding GA a) 1405 4.0 Os5aeee 
Millrunce See ere eee cle. D eclenae Pontiac.......... F* | 11.0] 15.6) 4.2] 9.1 2 25 
| J. P. Burroughs & Son, Flint, Mich. 
i | | } 
B 2927 | Choice Winter Wheat Bran Sapa ocreanee not | (Gees 12.5 3.0} 10.5 
EXCeediNg MMe coe: Meta S vtcre ears Rerry2ceenece ae | 10.3 | 14.4 4.0 | 10.5 2 25 
B 2975 | Choice Winter Wheat Bran i ground s scre enings not 
exceeding millrun...... ES ee sil ONO erasers Se Hb ee 11.7 | 14.6] 3.8] 9.4 40 00 
| Averages cu nccclk : PAO nid st=-9: | Os Omer Pe 
B 3028 | C. V. Bran with groundscreenings not exceeding) i [Gases 15.0} 4:0] 14.6}........ 
Pre} | ig Cpa N Meg is i ae Pn ate ay TE |Reed City........ F* | 11.4} 16.3 5.4 9.6 | $50 00 
George C. Christian, Minneapolis, Minn. | 
B 1889 | Jersey Wheat Bran ground screenings not excee d- {(G* [ows 13.0 AROL Loan ltakraeiee 
ip fanillinitess one ae ooga ere sees Onatoe 256 Detroit: = .2. 22.2: BE aT 4 1D hy) SD lel LO a lroter oe 
William A. Coombs Milling Co., Coldwater, Mich. | 
Sore ike Rees 14.0 :} 3-0.) 2820) |e 
B 2914 | Bran, ground screenings not exceeding millrun. .. |Coldwater Bene PRSES LOCUM 142531) earache Oso.n| er tecmars 
| 
| 
Everett-Augenbaugh & Co., Waseca, Minn. | 
B 2815 | E. A. Co. Wheat Bran ground screenings not ex- | ICES ees wer 14403) 43202) 5122 0elcesees 
| eee ceeding emit lirics st. nsec ae ier tenere lence Wiassar’ ss aesk asceiee 9.1 | 16.7 D2o | OST. 40,00 
B 2944 | E. A. Co. Wheat Bran ground sureenings not ex- 
Ceeding millrun:* Ss s0te tee oe eel eee ie Gladwitts a0 snpieer cits 11.6 | 17-0; 4:9 | 9.4 45 00 
Hoe A craven Sante 10:4 | 16.9} $-1| 10.9 bso 
J. Hale & Sons lonia, Mich. | | 
B 2495 | Flake Bran ground screenings not exceeding mill SEA shoes 14.0 ono Te Gulch ae 
TUN SS ha ee Preece eee wee | orand Rapids: c--2( Asi lle ss elses 38 9.1 $40 00 
B 2862 | Flake Bran ground screenings not exceeding mill | 
TUS es a eRe eis ale anes ae eee ee Jackson sna eeck mee ee 10.5 | 14.4 3.8 8.5 45 00 
Avernce 2 ee 10:91 4464 | 3o8. | Bist 
W. J. Jennison Co., Minneapolis, Minn. 
' 
B 2855 | Wheat Bran ground screenings not exceeding mill [Geese 14:0.) 4:0 | -12.0:).... 22. 
Tht Be DIOS GSS eet A MRA aR tet. Harbor Beach....\F.* | 9.3 | 15.0} 5.3 8 | $46 00 
The Lindsborg Milling . Elevator Co., Lindsborg, : | 
an. } 
| (GA \52.. 14:5) 93.5.) Oats 
B 3164 | Wheat Bran and screenings..................... Muskegon Hts...\F* | 11.7 | 15.9 | 4.1 10.0 50 00 
National Feed Co., St. Louis, Mo. 
| (Gets: 1425140 151050: howe =. 
B 2600 | Wheat Branwithscreeningsnot exceeding millrun.| Holland......... \F* 9.7 | 14.9 4.1} 10.3 45 00 
Pillsbury Flour Mills Co., Minneapolis, Minn. 
| | } 
B 2694 | Durum Wheat Bran with ground screenings not | JG eet 1 GES amie Ses I fs CEA Rees 
exceeding anil) runes. ose cee tees PSEStwOsephzes comet RE os 291- 1320065 6 | SIA Sal etic. ore 
B 1879 | Pillsbury s Wheat Bran ground screenings not ex- | jEGe8 | pce 1370 hoo 4 05 |S 2 OF eee 
Ceeding MUM TUNs en ees eet on ieiteel near oes | Detroit=-e~ co | \R* 9.4] 13.9} 5.8 | 14.9 36 00 
B 2547 | Pillsbury s Wheat Bran ground screenings not ex- 
itceedingamillrun’. sme ot! cist ci omer eerie | Nunes 2): sc on bees 11.0 | 15.4 SO Lied 42 00 
| 
| ATVOVAGEs), tems 10.24) 145720 dS SOs. ee. 
' 


*Abbreviations for Guaranteed and Found. 


Laboratory 
number, 


B 3118 
B 3129 


B 2925 


B 3317 | 


B 3265 


B 1963 


EXPERIMENT STATION BULLETINS. 


ANALYSES OF 


Manufacturer and Trade Name. 


The Red Star Milling Co., Wichita. Kan. 


Wheat Bran and se reenings IO Ee ci SS 
Wheat Bran and screenings 


Shane Bros. & Wilson Co., Minneapolis, Minn. 


Clover Leaf Wheat Bran ground screenings not 
exceeding will run ot 


Sheffield King Milling Co., Minneapolis, Minn. 


Fancy Brodflake Wheat Bran and ground screen- 
INS. 


Star & Crescent Milling Co., Chicago, Ill. 


Crescent Winter Wheat Bran with ground screen- 
ings not exceeding mill run. 


ings not exceeding millrun..............----- 


Crescent W inter Wheat Bran with ground screen- | 


ings not exceeding millrun......... 
Crescent Winter Wheat Bran with ground screen- 
ings not exceeding millrun...... 
Crescent Winter Wheat Bran with ground screen- 
ings not exceeding millrun............--- 
Crescent Winter Wheat Bran with ground screen- 
ings not exceeding mill run 


F. W. Stock & Son, Hillsdale, Mich. 


Bran made from pure wheat with mill run screen- 
ings.... 


David Stott Milling Co., Detroit, Mich. 


Spring Wheat Bran and wheat screenings... .... 


Valley City Milling Co., Grand Rapids, Mich. 


Farmer s Favorite Wheat Branwith ground sereen- | 
Grar™ Rapids 


ings not exceeding mill run. : 
Farmer sFavorite Wheat Branwith groundsereen- 
ings not exceeding millrun.................. 
Farmer sFavorite Wheat Bran with ground screen- 
ings not exceeding millrun...... 
Farmer s Favorite Wheat Bran with ground screen- 
ings not exceeding millrun....... 


Rowena Wheat Bran with ground screenings not 
exceeding mill run ae 


Voigt Milling Co., Grand Rapids; Mich. 


Crescent Bran with ground screenings not exceed- 
ing millrun......... 


Crescent Bran with gro und se reenings not exceed- | 


ing mill run.. 


Crescent Bran w ith ground screenings not exceed- | 


Pgs Urns ees ewe ser ae oe 
Crescent Bran with ground screenings not exceed- 
ing mill run 
Crescent Bran with ground screenings not exceed- 
ing mill run 


FEEDING STUFFS 


| Grandville 
Crescent Winter Wheat Bran with ground screen- | 


Sampled a 


| Petoskey 


Jamestown 


Average. ... 


Owosso 


Detroit 


Zeeland 
Holland 


Allegan....... 
Benton Harbor 
Millington 


Average 


Schooleraft..... 


Detroit 


Williamston.......... | 


Mulliken 


t 


Howard City.......... 


Average. . 


Zeeland. ...3.. 4. <1 


Coopersville... . | 


Bangor 


Big Rapids... .. 


Cedar Springs 
Rockford 


FOR 1917-1918— 


| 
| 


| 


CONTINUED. 
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~ 
‘3s 2 ess 
Pe iS) re ap Nee Se 
a lets bec sea eee ah ake 
2/183/;8128 1] ¢g2 
Ca ie eal aca abe Pte = 
Pa NS Dr ey oes 
224i.) 14,5). 3.5 | 100. 
9:7 | 17.9| 4.4] 10.8| $45 00 
10. 6| 17.1 4.1 10.0 48 00 
{0NOn| M72 oul 4eSaleTOn4d |eees. 8. 
| 
a 14.1 ano 1b Bes Lee 
11.4 | 14.2| 5.2] 11.2] $45 00 
| | 
abl al 3y54|) See el 2NSs lee ate 
10.4| 14.6] 5.4] 11.3] 41 00 
ee 15-0 2420) Wel001 |n0 oe ee 
10.7| 14.2} 4.0] 9.2] 3800 
13.3| 15.0| 3.9| 8.9! 4000 
10.3 | 14.9] 4.6] 9.9] 4600 
10.5 | 15.8| 5.1] 10.2! 3800 
10.2 | 15.6] 4.4] 10.7| 42 00 
10.2} 15.3] 3.8] 9.0] 45 00 
LOLOu selostoiee de Su le i9: Toil coneeers 
Sees | 1480 [a S50) | OKO N eases 
10.7 | 14.8] 3.9} 10.0] $40 00 
tf 13.5| 4.0 | 11.54 
G15 [615-4 1497/5 8.6 ence: 
[ecVeintetere 
eek ete 
Shon) 1421:1)' 4 On| StOedNl ce aces 
11.4| 14.8] 4.0] 9.6] 42 00 
10.2 | 14.3] 4.3] 10.6] 48 00 
9.8| 14.4] 4.3] 10.4] 45 00 
11.0| 14.5] 4.3] 9.2] 5000 
10.6 | 14.5] 4.2] 10.0|...... 
aa ae 14a" |) 4 Gull Ola seece 
10.5 | 15.2| 4.0] 9.6| $40 00 
| 
sap TARO ke Atul lle On eee eee. 
11.2| 14.7} 3.9] 9.5] 3800 
11.3! 16.1] 4.5] 8.0] 48 00 
11.2] 14.8] 4.3] 8.9] 4000 
11.8| 14.6] 4.1] 8.7} 4000 
9.8| 15.2] 4.3] 10.6] 42 00 
Limba TST a |tewdeOmtee Ou Tul Reson ces 
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a eee EEE 


—————SS | | —__—__ | ———_ 


3s Manufacturer and Trade Name. Sampled at g 
58 2 
Qa ‘Oo 
pa =) 
Wagner White Co., Inc., Jackson, Mich. 
B 2631 | Branwithgroundscreeningsnotexceedingmillrun.| Kalamazoo....... {Pe an 
1 | PCs 
B 2637 | Branwithgroundscreenings not exceeding millrun.| Kalamazoo............ 10. 
B 2638 | Branwithground screenings not exceeding millrun.| Kalamazoo............ 10. 
B 2691 | Branwithgroundscreenings not exceeding millrun.| Benton Harbor........ 10. 
B 2732 | Branwithgroundscreenings not exceeding millrun.) Mason................ 10. 
B 3104 | Bran withgroundscreenings not exceeding millrun.| Coopersville........... 10. 
AA VETAGGS<.0ce cletinialy 10.1 
Washburn Crosby Co., Minneapolis, Minn. 
B 1959 | Wheat bran with ground screenings not exceeding : 
Millguns neater odes ss AED poNCoDOSoT eHiGo| DEVO boonpanead! Krein 
B 2611 | Wheat bran with ground screenings not exceeding 9.1 
Li Uhainane Ane Copenh atcas GacoonsbOUROe Pies |( Olander crete nee 10.2 
B 2743 | Wheat bran with ground screenings not exceeding 3 
mullirunsc. ero steces tae: Hpoodspansoapons Weslione nsession arian 10.4 
B 2824 | Wheat bran with ground screenings not exceeding ; 
MALITUNS coca See aes oie a ea sal oMayvillenssestercer tens 9.6 
Average....2:....: 9.8 
Western Flour Mills, Davenport, lowa. 
B 2832 | Black Hawk Wheat Bran ground screenings not 
exceeding MillTuns ss ccpels seis clehin ae comer BadeAxe er sce ctol Grete loerenaiare 
10.4 
WHEAT MIDDLINGS. 
Baldwin Flour Mills, Minneapolis, Minn. 
B 3031 | Wheat Shorts with ground screenings not exceed- 
millrun...... Cason oe eee cole ie woes Brei| MO AAINACL or cisyoerey) te || cre sei 
10.5 
Bay State Milling Co., Winona, Minn. 
B 2724 } Winona Wheat Middlings with ground screenings 
mopvexceeding mill runs ieee ee sieave stone ct North Adams.... aaa 
Bernet Craft & Kaufman Milling Co., St. Louis Mo. ; 
B 2997 | Wheat Middlings ground screenings not exceeding F 
mill ronsesetee SE aries port mee rare Ne Ae Pontiac: o.: -es\ { GeEal eeeere 
P rey 
Big Diamond Mills Co., Minneapolis, Minn. 
B 2734 | Big Diamond Wheat Standard Middlings ground 
screenings not exceeding millrun............... Masont cents. iors) saa “aur 
George C. Christian, Minneapolis, Minn. i 
B 2911 | Berkshire Wheat Flour Middlings ground screen- 
ings not exceeding millrun.........-......000. Sturgis: cco ee Guta nee 
B 1977 | Poland Wheat Standard Middlings ground screen- i 
ings not exceeding millrun.............-.....- Clinton’; ~s.ceej-) Gor ills oe 
0.6 
Commercial Milling Co., Detroit, Mich. 
B 1896 | Standard Wheat Middlings ground screenings not 
exceeding millirunses ee meretasiersc cle esi steltisistats es Detroits-coresme Sie Re ctor 
B 1903 | Standard Wheat Middlings ground screenings not 10.2 
exceeding millrun2e scp esa. nerinee eens seule Detroltsccccomeee aes 10.3 
B 2626 | Standard Wheat Middlings ground screenings not 
exceeding millirunisesee emetic see Pte Kalamazoo............ 10.7 
B 2837 | Standard Wheat Middlings ground screenings not 
exceeding millrun...............+5.- Seis eats Port Huron! sen ae versie 10.8 
B 3224 | Standard Wheat Middlings ground screenings not 
exceeding-mil] run, sce me cere ie oie claleietereie els) Detroitecrs ceases 17 
AVOTA GES ore cn =/01- orave 10.7 


*Abbreviations for Guaranteed and Found. 


Crude protein. 


Crude fat. 


He He 
wNowooseo 


La 
no 


Crude fiber. 


Price per ton 
or cwt. 


es. o 
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Py : aS 5 Peet 
ze Manufae Seale 5) .|/4|4 | st 
5 anufacturer and Trade Name. Sampled at 2 a © 2 5 
33 So |e a Bes Lees 
SI ee | CO leet. | 
The Des Peres Milling Co., St. Louis, Mo. 
B 3293 | Wheat Shorts with ground wheat screenings not ees oe: 15-051 2325410 122001 en cess 
exceeding millrunt comes s-ocen.seicacoslnenens Otsego........... BW fF 11509 ]18- 3" |) Seen) f 7-55) ($2840 
Eagle Roller Mill Co., New Ulm, Minn. 
B 2836 | Wheat Middlings ground screenings not exceeding {Re Tees helO20)) 8 14" On| el 160! | eee aa 
mul runssiee cerceietecye eerie eeelos oislara Sees ;+++| Port Huron...... F* | 10.4] 16-3} 5.0] 10.0 53 00 
B 2951 | Wheat Middlings ground screenings not exceeding : ; 
mill runs, -f@neerccteisteciieies aunbon doc doecodal (lel bocooedorenonr 11.0] 16.2) 5.1] 9.2 2 60 
B 3023 | Wheat Middlings ground screenings not exceeding 
mill runie< cs (meee see seciet Be sta sisteievetareraiatore cress || CIAL O > cieittiaiels ocia ie eee 10.9) 18-1] 5.6] 6.5] 5500 
B 3036 | Wheat Middlings ground screenings notexceeding | __ ; 
TMi) Us ase tetee in eensin eee ied com clade wataeluvate Big Rapids):.cc cis. xe 11.3] 15.7} 4.9] 9.5 47 00 
Everett Augenbaugh Co., Waseco, Minn, Average.....-.s00 LOR 16.6 Spc 2 RaSh lees ns 
B 2572 | E,A.Co. Wheat Middlings with ground screenings (Sy Seapine 15).0:}- 5320; }210-01) cores 
not exceeding millrun............-..+++ee+-5- N. Muskegon....|F* | 10.8} 18.3) 5.6] 7:5] $50 00 
Hubbard Milling Co., Mankato, Minn. 
B 2723 | Standard Fine Middlings ground screenings not { 2) fareeeeee ial eae al WAGES | aetna oe 
exceeding: millTun-% 3. 1o2 oe ecce ede eeae rene North Adams....\|F* | 10.8 | 17.4] 6.2] 9.0 46 00 
Kemper Mill & Elevator Co., Kansas City, Mo. 
B 2657 | Wheat. Middlings with ground screenings not ex- (he Becbigie LGEO| (4500 e820 slecciees 
Cesdingunillrunssss occ ec aici ete eeees Battle Creek... .. BR 151056 |° 1628 | 455 |= 7-2 56 00 
Chas. A. Krause Milling Co., Milwaukee, Wis. es icoileaaien 
EE lVolsycatexe 5 : SOM ei creretereees 
B 1979 | Badger Fancy Middlings........................ Chintonie< 2-352 (ie AOE UUs ale atinw |e 457: 60 00 
B 2697 | Badger Fancy Middlings..................-.025> Greenville? . cc cscs crocee 10. 2e PIS OK eadde te 29 56 00 
_B 2702 | Badger Fancy Middlings..................-+-+.- Adriano aoe view 10733/-13. 1) 6.35 229 2 75 
CLARO: Asics steeies ADEs ie TS ce ecole oe Sal ecee cae 
Lyon & Greenleaf Co, Wauseon, Ohio. 
B 1983 | Waseo Middlings ground screenings not exceeding (Rs Sareeeee D7 0M | e4-0) 6:08 lence nes 2 
MillTUticnete eaten esha e cas nan eee ee. Blissfield......... BS | 1087) 1557-1425) 528: |. $5200 
Montana Flour Mills Co., Lewistown, Mont. 
B 2000 | Montco Wheat Middlings with ground screenings (Re iS ei TOR Gaede eH OU Gt lets erctas 
notiexceeding millirunirs. fost sxe ee celia eles Atdtianiives Sst. scs:sre B| 10°85) 19 1a 522) | S74 2: 25 
National Feed Co., St. Louis, Mo. , 
B 3093 | Wheat Middlings with ground screenings not ex- (GF ile een LOE 24208 |= 950) ceca. 
ceedingamillrun sie os Sse eae eee nee Muskegon....... \F* 710-6] 17.6] 5.2) 7.5 62 00 
B 3124 | Wheat Middlings with ground screenings not ex- | Jamestown............ 10:8) |,,16.9:}. 556 |. 722 58 00 
ceeding milliranioe 225. ek Sanco cnroc aw ote tse. cie ete | | —__]——- 
5 Average. 20) 223 AOR eT 2B [eo 4s 724 ee Se 
The Northwestern Consolidated Milling Co. 
Minneapolis, Minn. 
B 2942 | Wheat Standard Middlings ground screenings not GFE leer 15202) 4.5) P1820) | nccisacese 
exceeding mill runs: >.0. secs teen oe cise cane Gladwin......... F* | 10.6 | 16.7] 5.9] 9.6] $50 00 
Pillsbury Flour Mills Minneapolis Minn. 
B 2629 | StandardMiddlings with ground screenings not ex- 5 {Re Weieee 14705 \t 42.0) te Oe aos ete 
ceeding millrun.......... A paSbore2 ee pobeoduc Kalamazoo....... F* |, 10-7}: 16:9. |= 75-5} 9:1 52 00 
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ra = ; 53 § 
£8 Manufacturer and Trade Name. | Sampled at = 5 Ss 2 5¢ 
EE Ue ee ee ee a fe 
45 | BBP) co ead |e 
3 | = 6) oO 'S) es 
| Schultz Banjau & Co., Beardstown, Ill. 
| GF eee | 1520: \ee8e5.)) 10:0 oc 
B 3152 | Sunbeam middlings with millrun sereenings | Coopersville eH elite z | 15.6 4.7 fay $53 00 
| 
| Shane Bros. & Wilson Co., Minneapolis, Minn. | | 
| | | | | 
B 2901 | Snowball Wheat White Middlings ground sereen- Gere es -| 15.0 | 4.5 7.0 
ings not exceeding millrun. .... | Albion ee OC -16-3 6.3 | 11.0 PPG 
B 2920 | Snowball Wheat White Middlings ground screen- : 
ings not exceeding millrun. .. passe s|h OhwOss0 et. | 10.9 | 17.2 5.8 (ion 2 85 
. Average. .... | 10.5 | 16.7 Geils Ss alters eee 
B 2895 | WheatStandard Middlings with ground sereenings {G* 
ye eenoviexceeding mill runin-- esta ees Milan onl Ee Eels eee lelovs Gate Osos eee 
B 2922 | WheatSt andard Middlingswithgroundsere enings WOWwOsSON...<..--.2ee--| 10.4 | 1621 5.8 | 10.4} $45 00 
| | 11.0 | 14.3] 5.5 | 11.3 "2 50 
FAVOR ARC ce se a -— 
LOM LS! 2al Se Zell LO; Oi ps ae 
Stanard Tilton Milling Co., St. Louis, Mo. 
B 2599 | Wheat Middlings with ground screenings not ex- | CRS ieee 15.0} 4.0 GOs Sosa 
ceeding millrun........ See es eet eHOlland se gesten ee | Oa) Mien |) 6 436ml osOnieE So GA00 
Star & Crescent Milling Co., Chicago, III. | | 
| | | 
B 2756 | Star Wheat Middlings ground sercenings not ex- | CRA apoaton 15.0 4°Oi |b 8808 | ecm ere 
ceeding millrun... 4... esta d OhNSS-s. rene. k* | LOO Lae bee, (fa) 2 50 
B 2932°| Star Wheat Middlings zround screenings not eXx- 
ceeding mill run.. Naty: Spe : | Millingtones..-2Secr2a| LOzonl, 1720 Aap 6.7 2 50 
ASeT a ew fekt cts eer LOM ATs 547, Y fea Wn Sree eh ae 
Valley City Milling Co., Grand Rapids, Mich. | 
B 2464 | Farmer’s Favorite Wheat Middlings with ground GPa eels 13.0} 4.8 hee On| = Bee 
screenings not exceeding millrun.... ......... Coopersville... F* | 11.7] 15.4] 4.4] 7.6] $50 00 
B 2518 | Farmer’s Favorite Wheat Middlings with ground 
screenings not exceeding millrun.............. ‘ Grand Rapids.........| 11.2} 15.9! 4.4 (peal 53 00 
: Average........... LAS Om obo alelly, CAVA xen tee ere eee 
B 2539 | Rowena Wheat Middlings with ground screening s 
notjexceeding mill rutis eee ese. ee Zeeland....... Sof Gobo eases 18:2 O%)| Eeoe2a patios | areas 
B 2543 | Rowena Wheat Middling swith ¢ ground sereenings \F* | 11.1] 18.4] 4.8) 6.7] $56 00 
nofexceeding-mill runt: Perink soa sumac cee. & Holland-sersvasene 11.4) 16.0} 4.8) 7.3 54 00 
B 2579 | Rowena Wheat Middlings with ground scre enings of 
not exceeding millrun...... (oR ohne iss ocichigas tes feet RUS fag fect aes (ee: Ute) Seta yet) 57 00 
B 2748 | Rowena Wheat Middlings with ground screeni ngs 
not exceeding mill run. Sothnettr Se tileotsuO ns mayanm weer | 10.8 | 15.8) 4.8} 7.1 2 75 
| | — 
AVerageda. sconces 11.0 | 16.5 4.8 OSSh otek 
Voigt Milling Co., Grand Rapids, Mich. 
B 2613 | Voigt Milling Co. Middlings : LPae pent Moline.< 7.24422 (C52 pone 14.5 Sebtt 1020s lee 
Bol Ue elo iale4 25 | Oro || eager 00, 
Washburn Crosby Co., Minneapolis, Minn. 
| 
B 1954 | Standard Middlings ground screenings not exceed- KC etlipabe ge {4S Qin tee 400) ale On | hare ee 
ing mill run.. ieWMetroitsene +n ee \F* QROM esr |r ad: 9.1 2 25 
B 2487 | Standard Middlings ground screenings ‘not exceed- 
: Tamil pr rete ater iets candor. eee eoreeere Grand Rapids.........| 10.9] 16.5 | 5.0] 9.5 48 00 
B 2814 | Standard Middlings ground screenings not exceed- : 
ing mill run.. ie Ph Near ator th eC ey ao ciG Sona ral fabonem fe Lipas: DEO 8.3 ADEs 
B 2825 | Standard Middlings g ground screenings not exceed- 
ingemill nuntsoe eraser cemeeeteliee 3 kore Mayvillese.s.-qe-eeen | 9s 4ledOsdolenoronle 99.4 2 65 
| 
; : lesa Averagertensis act. este ped (atts Wester ae 3 ll ia Baan 
B 2826 | Wheat Flour Middlings grounds creenings not ex- | GAS | eater 15704 4.0) [2-82 08). os. aes 
ceedingymillains) yrs. cea eis ee ak Mayville.......-.\F* | 9.9] 18.7] 6.0! 6.2 $2 80 
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| 
bs | i Wiese one 
Ss Manufacturer and Trade Nane. Sampled at 2 = is Ge 52 
275 Se te eA eee le Sit | eee 
82 ioione a= (aa Beales 
4 = — 6) i) AY 
a Ee eS ee ee - eae |e | = 
WHEAT MIXED FEEDS. 
Huron Milling Co., Harbor Beach, Mich. 
B 2839 | Jenks Wheat Mixed Feed with ground screenings | RGB igre oeetare 12-0 3.5 | 11.5 | 
not exceeding millrun ........... See ee toe ME One Muro =| LOST |L2*0 4.4 8.7 $48 00 
B 2856 | Jenks Wheat Mixed Feed with ground screenings | 
not exceeding millrun.......... ont desis | Harbor Beach......... 10.0.| 14-4] 3.9] 8.4 | 
AN ETAG CHES fr eisarck: 10.4 | 14-7 4.2 8.6 Sear 
Portland Milling Co., Portland, Mich. 
B 2876 | Champion Mixed Feed with ground screenings not (Gees | eae 13-5 | 3.5 Bab ma tee oo 
exceedinmanill runss-. rte ec teens ois | Williamston......\F* | 10.7 19-2 4.37 ate 7 
| 
F. W. Stock & Son, Hillsdale, Mich. | | 
BIS 27d evLOnarchs Peed icu ke avajvere cetetos cielelc aise rx) Ieee tous, Hillsdale... HC okt |e 19-0 | 4.0 | 10.0 = 
\F* | 10.3 | 19-6] 4.8} 9.9] $205 
Washburn Crosby Co., Minneapolis, Minn. 
B 1960 | Wheat Mixed Feed groundscreenings not exceeding Cre Wa ree ee 14-0 | 4.0] 10.0 ane 
Milkrun tec ae hoe : ale Detroit. ses. RPE HO Bel 14 Sa 0 524 658 2 10 
WHEAT AND RYE MIXED FEEDS. | 
| 
Commercial Milling Co., Detroit, Mich. | 
B 1890 | Henkel’s Fine White Feed.................. Detroite. sas. aiGetsie. 14-0 5.0! 8.5 
WF | 11.4} 19-4] 4.8] 9.0 2 50 
B 1904 | Henkel’s Fine White Feed. ................02.... Detropiitasars soaps 9.9] 19-9] 4.6 7.9 ; 
B:1992"|; Henkel’s Wine: White eed... 2.2... 5.00 hn MMOrentlest oan see } 10.5 14.8 4.6 6.9 58 00 
B 3225 | Henkel’s Fine White Feed..................... Detroit ase: Boot ee Sal hv beer (8) fo fs Me 2 50 
| Average | 10.8 | 15.0 4.7 ED a ere ate to 
B. A. Eckhart Milling Co., Chicago, Il. 
B 2604 | Wheat & Rye Flour Middlings.................. Holland...... SGM is Bete 1550014 4e0. | 87808 |e 
F* | 10.6] 17-6] 4.8) 4.8] $48 00 
CEREAL FOOD BY-PRODUCTS. 
J. E. Bartlett Co., Jackson, Mich. 
265019) -Loasted: Mille NutSa:. sce: stastive ac ord vreisacn ee Jackson...... AGreeh ae ees 14.4 1:5 GE5u eres 
PF 1710-9 [14.5 | a oT |e |. 
BpaioeelLoastedaViilk. Nuts: 2 0ce eae ceas oe nists) aiearereay ale North Adams......... 9.8 | 15.9 5 Csr eee 
Be2865e- Loasted Mille Nutsc- cine: i. eicee conte san cholate: JacksOnenc-s sewieecne 10.0 | 15.3 1.4] 7.8 1 65 
Average........... 10:2} 15.2 1 ee: BH 7 (al Sh Eine 
| Kellogg Toasted Corn Flake Co., Battle Creek, Mich. 
iBe2602) || BrokensWheat Biscllts-s. 2-12. oh sed ees cae Battle Creek...../G* }...... 10.1 LOH 2Om|cnte tens 
\F* | 6.5 | 12.6] 1.9] 4.8] $45 00 
B 2653 | Dried Corn Flake Feed....................---5. Battle Creek... .JG.*|...... CGE SORA ec: oe 
, \F.* 7.3 8.5 16 0.8 45 00 
BeraiteuDriedi corn Blake! Reed ts.casisis. occ ue coco e eee FIndsons seco eae 7.6 9.1 2.4} 0.5 55 00 
AV OLA Gs fel. cir rallievaeo 8.8 2.0 ONTA| RES eae 
Postum Cereal Co., Battle Creek, Mich. 
PaO G OM Cereal cones. assem aw zation ole fortae ei ere Battle Creek. (Get |). o2 5 6: AZO Mabcieal el SMO peters es 
rt \F* | 4.5] 13.0| 2.6| 13.4, $23 00 
Be264 alc ooked' Corn Gritss.cncn. 0 cals cacti cet at book Battle Creek.....{/G.* |...>.. GxOnles One| 220n ie teer 
ae 1 113.9) 8.3] 0.6] 0.4] 46 00 
B 2651 SD.. Gd OF (eee nese iean ta tia RL ee en ee a Battle Creek...../G* |.:.... LORS 2NOF 26 N Ol eee ‘ 
= Son Lr. 6.9 | 18.6 4.3 | 20.9 23 00 
a Aeg NC NON Heed in... dec ack tea iah Shee estes Hudson s-2 2h poclhee a6) |p oes 4.2 | 20.1 1 50 
Average........... CeO AS Dip bol S200) ea paeie 
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z= lao 
E 3 g | re 2 ee 
g g Manufacturer and Trade Name. Sampled at 3 2 4 2 ae 
aaa =/6)/8/8|e° 
Postum Cereal Co., Battle Creek, Mich.—Con. 
B:2646. ||| Hlaked'Corn:Reed. <2. ..0ac'aeeamatie veces cer vee Battle Creek..... BS oer ae a ae REIS 
B26501|/ Maked'Corn Offali te nsncc coset ae seein) ore Battle Creek... .. os aie ee pS ra ee 
Bi 266835 | GapNekteed caret mainte ctairors tats st arscicte's <feiatawsiainte lo Battle Creek... .. oe seus oh oe a ee 
BARLEY FEED. 
J. E. Bartlett Co., Jackson, Mich. 
B 3139 | Barley Feed with ground screenings not exceeding | N. Muskegon... {Be ateates 8.5 | 2.8] 25.3 ae 
mill run. F er Gal tee El ISO AEE! OY. 5 54 00 
Postum Cereal Co., Battle Creek, Mich. 
B'2648' | Barley -Bran\(iulls) 5.05 oc: « «.c-toa seeevicie a Battle Creek..... ine ort ea i a He core 
B'3000)|| Barley-Bran\(iulls).<><< 22h see ss dete neetoe sola ele Pontiac ss... ane 10.3 | 12.1} 2.3 | 13.4 20 00 
4 Average: <= cise soe are a 10.7 2.3 “16.3 RAGS 
Washburn Crosby Milling Co.. Minneapolis, Minn. , 
Big1233)| {Barley screenings: se seo ccle. cece senile sislecotetes Jamestown....... hee fea 5 J oo a tee 
B.3261)'|)Barley'Screenings:css).22---20 oc 2- nce noa a seen Jacks Utes sees ORL) a1 285 | se ebn|_ 224 2 60 
AVeTA gE o2:< <favem co 9.0 8.3. 26 “22.3. wostiee 
RYE FEED. 
(Rye Bran & Rye Middlings with Ground 
Screenings.) 
Bay State Milling Co., Winona, Minn. 
B21990: | -Rye-Middlingss<\sasences «neces orsies neces oe Morenci......... (ee rt ao Hr 6.0 Spans 
Hannah & Lay Co., Traverse City, Mich. 
B 3115 | Rye Feed......... Gad donboseéeasnagsosausesb: Traverse City... {he are ve a : 2 er 
Valley City Milling Co., Grand Rapids, Mich. 
Br307a | 2ROwenshye TM eedss =. crac cewicwmiclotee teltiee oes Grand ee Ba: ee ae rae Be 
Bi3082))| (Rowena Rye T eed s:n-ctos st. ciserae sciereteisstesincc Grand Rapids......... 1 ef fn a Lt ingest er ag) 40 00 
AVeragesceics's o1s-.c “11.6 “16.1. 3.0 ar, watesee 
Voigt Milling Co., Grand Rapids, Mich. 
Bi31452|(sVoints Ryemeecd: .cecsctas cee eer ee ane oe Hudsonville...... {re ae ave : , Bo ae 
MISCELLANEOUS FEEDS. 
Armour Grain Co., Chicago, Ill. 
B3166"|Oat: Hulsey snc cec cee aeesece cocoate cen South Haven..... i ee a0 zp a0 eee 
Michigan Cereal Co., Port Huron, Mich. 
B:2835..)) Peaibian- tee Pact eens ceee area or ease. Port Huron...... (Fe a ae a a ete 
J. E. Bartlett Co., Jackson, Mich. 
B 3263 | Velvet Bean CC Jackson.......... ies aa: 0 : sae ay re 


*Abbreviations for Guaranteed and Found. 


Laboratory 
number 


B 3012 


B 3019 


B 2921 


B 2721 


B 2804 
B 2941 
B 2870 


B 2974 


B 1962 


B 2949 


B 3044 
B 3050 


B 3033 
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=} . 
Manufacturer and Trade Name. Sampled at eR ees Ss ay oe 
Boe et oe oS 
‘6 «(63S = = Si 
SE i(LO oi Onaleo) lies 
Alma Roller Mills, Alma, Mich. 
Buckwheat Bratisasecec cie.ciciccsisie ceive wieteresislsteislore Almaden: soseyne oh (Re SAR Ca GATIOne occa atonal scSmacee 
F* | 10.2 6.1 1.1 | 36.1 $41 00 
Harris Milling Co., Mt. Pleasant, Mich. 
Mia ddllinps scrtsreteteretsreisie's ole sie: -ticisarsin a cke oenimrctoels Mt. Pleasant..... (Re PCE bce eel een Rm [Pee nee 
BE 11.00/15: 3: 4.4 4.8 38 00 
Russell-Miller Milling Co., Minneapolis, Minn. 
Bran made from wheat Only............-..+..-.- Owosso... .7....: (pa eter TSNO} ied Onl teal yay 
E* |) 10.7 | 16.9 5.6 | 10.1 23 
Larrowe Milling Co., Detroit, Mich. 
Dried: Beet Culp so sce astcieeiele.e sie sis eicie'stociere North Adams. . . {ie LL ate S5O4l O85 208 On| 
: : F* | 8.9} 8.9] 0.9 |_19.0 40 00 
Dried: BeetiPulpscwecmsetie «te seiies cre sele ae oe Savinswis.cicc cece cs Sit) 8599) 0.9L /F19%5 42 00 
Dried'Beet Pulp. seco. <= caiscee ec wie si seeiceise oreince’s Gladwint.cos: vacssieee 10.1 8.9 TOSS 2 20 
DriediBeetibulpieceac geo acon westerns cece. YacksOn+s..020 Sect eose 8.4 93 0.8 | 18.9 2 10 
Average... is002 0. Ss9RP 9/08/1029) | S19 Me lect. 6 
Saginaw Milling Co., Saginaw, Mich. 
Rye: Weed iectersrersserstersreisinrsicrale cle sraioreoisrae tevave-ocs ova Cho ss4-aeeace as (Re tee (oy 2 eee ed | tea ral Writ SO 
F* | 12.4} 16.3 2.8 4.4 $2 75 
David Stott Milling Co., Detroit, Mich. 
Stotts Pure Winter Wheat Bran...............-. Detroit.......... ies be TAQ |=" 465-| 1055 eee se 
PAHO H Heo sOu| oe9. || Sra.iceesase 
John A. Vogtmann, Bay City, Mich. 
WiheatiMiddlings)..62.q.scc<-e5 ane ge becoeceer Bay City........ ie eS TR | 2 aE ot eee | (eR a rece 
F* | 11.5 | 16.4 5.1 6.6 37 00 
Watso-nHiggins Milling Co., Grand Rapids, Mich. 
WheatiBranssenc tts canean te vette tees cee cheese Cedar Springs cet | Gates ectera| (ercciats | crs ater feieetotete | asisncrsterers 
BE e115: 191323 4.4 TeGalcpocseice 
Wheat Brany ihc acters cae sherds codes loceethcacen Comstock Park........ 11.5} 13.9] 3.9] 9.6 37 00 
(AVEEAGC.... cst cies e152 PED; 1S Gil) AS 20 SSGo se etertsjare 
E. L. Wellman, Grand Rapids, Mich. 
WMiddling sip same swine sete cae neem ecley- Cadillac nos... - iC a esas Bonesa pacer scene nneaadee 
\F* | 10.6 | 18.2 4.8 5.6 $58 00 
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LAW REQUEST FOR LICENSE REFUSED BY MANUFACTURERS. 


Laboratory 
number, 


| 
| 


Manufacturer and Trade Nane. 


B 2998 


B 3080 
B 3210 


B 2860 


B 3158 


B 2885 


B 2897 
B 2994 


Alabama Velvet Bean Mills, Georgiana, Ala. 


Velvet.bean teed Meal. co artemeets i te. oi 


O. H. Bowen, Birmingham, Ala. 
Velvet BeanyMeali zone aaa os so stees sek: 
Velvet Beam Mealsierreasett tic ccie ts cle o.0s = scene 


C. L. Campbell & Co., Little Rock, Ark. 
Single Hump Camel Brand Cottonseed Meal...... 
Cottonseed: Meals: a2 she ccsme aes ace neice 


Commander Mill Co., Minneapolis, Minn. 


Commander Wheat Bran ground screenings not ex- 
ceeding mill run. 


Albert Dickinson Co., Chicago, Ill. 


Pine Tree Chick Feed with grit 


Hayes Grain & Commission Co., Little Rock, Ark. 
Supreme Brand Cottonseed Meal................ 


Supreme Brand Cottonseed Meal 
Supreme Brand Cottonseed Meal................ 


Sampled at 


Pontiac. 


White Pigeon. .../G* 
\r* 

Glintonseere: ah teprtstele 
IVETaAP eS cra: tock 
Grand Rapids. .. .{G.* 
\F* 
Washington...... G* 
Fx 

JacksOntenesck. cr G* 
\F+ 

Portage Centre... {G.* 
F* 

Plymouth........ Gs 
\F* 

AN biome. cae ciao 

Ni Ordena cee 

IAVOLAG Osa cation. ac 
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3 eS 8 
0 z = 5 its 
| Mie" | tia e| a ae ees 
ZB a=) =) a= 2 
= z = z “9 
I Ss) oO oO a 
fee 18.0 Ae2ale Le ON cate cree 
11.7.) 1832 Be2NEIZ29 $2 60 
ech 18.0 A: 5 (PAZ Ot peter se 
10585|71629" || #3e8siet4es 48 00 
1059) |) M5645 | 1327/1525 52 00 
10296 G27) SSzSe elas Site tae n 
ao GAS 38.5 6.0 S20 Peeeeer 
9.1 | 38.8 6.2 | 12.0} $60 00 
"8.5 | 36.4] 6.1| 11.8| 55 00 
Rice 14703)" 4:0) eULSOs | eer 
10.1 | 14.9 Oat) 1057 2 25 
oeaias 10.0 2.5 ORO Ree 
11.8 8.5 2°52 1.8 4 40 
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9.2 | 40.0 7.1 | 10.5 55 00 
8.6 | 37.6 6.5 | 11.4 60 00 
8.9 | 38.8 6889 iit ela eee 


FERTILIZER ANALYSES 


Bulletin No. 283 


ANDREW J. PATTEN, C. F. BARNUM, E. F. BERGER, 
A. L. LEWIS, M. L. GRETTENBERGER. 

The inspection and analysis of commercial fertilizers, sold, offered or 
exposed for sale in Michigan, is made under authority of an act of the 
Legislature approved March 10th, 1885, and as amended during the ses- 
sion of 1913. The full text of the law will be sent to any person upon re- 
quest. 

LICENSED BRANDS. 

During the year 1918, thirty manufacturers and fertilizer companies 
licensed 323 brand for sale in the State. Attention is called to the fact 
that the fertilizer law covers only those materials which are sold, offered 
or exposed for sale within the State, the retail price of which is $10.00 or 
more per ton. Manufacturers residing outside the State may ship direct 
to the consumer without paying the license fee, but the party making the 
purchase receives no protection under the law. If the sale of fertilizer to 
be shipped direct to the consumer is made by an agent or representative 
of the manufacturer while in the State, the act is considered as one of 
actually offering the material itself for sale, and the fertilizer then be- 
comes subject to the requirements of the law just as surely as though the 
fertilizer were actually brought into the State and then sold. Conse- 
quently, an agent of a fertilizer company is technically violating the law 
when he solicits or accepts orders for any unlicensed fertilizer, while in 
the State. 


COLLECTION OF SAMPLES 


The collection of samples was made during the spring and fall shipping 
seasons by inspectors appointed by the State Board of Agriculture. 

All sections of the State in which fertilizers are used to any extent, were 
visited and 865 samples were secured from stocks being offered for sale by 
dealers. For this purpose a specially constructed tube is used which 
permits of securing a core from the entire length of the bag. An official 
sample consists of the cores taken from not less than five separate sacks of 
the same brand. The five or more separate cores are mixed together, 
placed in a stout sack, tied, sealed and forwarded to the laboratory for 
analysis. 

Much of the fertilizer used in the State is taken directly from the cars 
by the consumers and it is never possible for the inspectors to secure 
samples of all the brands registered. It sometimes happens that a manu- 
facturer fails, for some reason or other, to sell any of a particular brand 
or the sales may be very light and in the latter case it is only by chance 
that a sample is found. 

During the past year, forty-four registered brands were not found in 
the State. In several cases it is known that no shipments were made. 
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It was formerly the custom, whenever we failed to find a brand on the 
market, to analyze the sample forwarded by the manufacturer, as required 
by law at the time of applying for the license. It has long been known 
that these samples were generally, if not always, made up in the labora- 
tories of the companies and were not, therefore, representative of the 
product as put on the market. For this, and other reasons, we have dis- 
continued this practice and in this bulletin the brands not represented by 
samples are listed in their proper places but are not given a laboratory 
number and only the guaranteed analysis is shown. 

In many cases several samples of the same brand were drawn and ana- 
lyzed. This, of course, greatly increases the work in the laboratory, but 
it is the only way by which we can ascertain if the brands are running 
uniform. If only one sample were analyzed, of it several samples were 
taken and composited before being analyzed, variations in the composition 
would not be detected. 


ANALYSES OF MISCELLANEOUS SAMPLES 


On account of the large amount of work involved in the inspection of 
fertilizers our laboratory force is kept busy constantly with samples col- 
lected by the inspectors. It is, therefore, impossible for us to give atten- 
tion to miscellaneous fertilizer samples sent to us. Furthermore, unless 
the samples are taken in the manner previously described they will not 
truly represent the lot or shipment of which they were a part and the 
analysis of such a sample would be an injustice either to the manufacturer 
or purchaser. 

In all cases where doubt arises as to the merits of any poreeniag ship- 
ment, we suggest that this office be notified and an inspector will be sent 
to make an investigation and draw an official sample. 


RESULTS OF INSPECTION 


A study of the tables of analyses shows that, of the 863 samples ana- 
lyzed representing 279 brands, 187 (21.7%) are below guarantee in one or 
more constituent. Fifty-four (6.3%) are below guarantee in nitrogen, 5 
(0.6%) are below guarantee in total phosphoric acid, 55 (6.4%) are below 
in available phosphoric acid and 98 (11.4%) in potash. This is a decided 
improvement over the showing made last year, and represents about the 
normal or pre-war percentage of deficiencies. 

ee summary of the results of the inspection is given in the following 

table: 


MANUFACTUREF. 


American Agricultural Chemical Co....... 
Armour Fertilizer Works................. 
Re Binder\Cowsssccstccs ssadeatauenaee 


Calumet Fertilizer Co........, Dees 
Darlings Company.-..6 cc oue nce. ssn 
Farmers Fertilizer Co. ~...............-: 
Rederali@hemicalio. 5: saso.cc. ses ce ee 
Fertile'Ghemical Co... 5.)...0..cecs...4 55 
Gleaner Clearing House Assocition........ 
Independent Packers Fertilizer Co........ 
International Agricultural Corporation 
Jarecki Chemical Co...............0.45. 
Michigan State Grange.................. 
National Plant Food Co................. 
NaturaliGuanoiConcance.e.- oes ss ane 
Nitrate Agencies Con... 50h. c.5 0s eee ees 
Nu-lLife Fertilizer Co;....5....52...0..05 
Packers Hertilizer:Co..c. 5. f0r< 2220 feds ane 
Pulverized Manure Co................:.. 


Queen City Fertilizer Co... 
F.S. Royster Guano Co... 
Smith Agricultural Chemical Co 


J.L. & H. Stadler Rendering & Fertiliz 


IN: Swarteiceess isons 
Swift & Company 


United Chemieal & Organic Products Co 


Virginia-Carolina Chemical Co.... 
Wolcott Packing Co............. 


WiuichetMertilizer! COs... tac c Lcecclos « orcrs 
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SUMMARY OF RESULTS OF INSPECTION 
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hes Oe 80 221 1 221 0 0 217 
Py SPE er ar 25 72 27 61 9 5 49 
pe eens 1 0 0 0 0 0 0 
oe rene 1 1 1 1 0 0 1 
eee 3 0 0 0 0 0 0 
een 11 57 27 45 9 5 32 
re 9 10 5 7 3 0 6 
epee eee 25 71 26 62 5 1 47 
ign ee 2 4 2 1 3 2 1 
ph ON 7 2 0 2 0 0 1 
a Haase rang ee 12 30 8 21 4 1 7 
siete pepe oiek ee 15 31 4 27 2 0 22 
re Se ah 11 49 14 45 3 1 34 
Spee ee 7 10 0 10 0 0 9 
ee Soe 1 1 0 1 0 0 1 
Piet ee ee 1 0 0 0 0 0 0 
uae ater tS 1 1 0 1 0 0 0 
fe eee 1 0 0 0 0 0 0 
Se eee eae 11 22 4 21 0 0 19 
eat ea 3 D 0 2 0 0 2 
1 1 0 1 0 0 1 
15 67 13 61 4 2 47 
9 37 12 30 5 1 19 
8 17 1 17 0 0 15 
1 1 0 1 0 0 1 
24 85 34 65 13 8 37 
8 23 5 23 0 0 20 
23 27 3 24 2 1 24 
2 1 0 1 0 0 1 
5 20 0 20 0 0 20 
323 | 863 187 | 771 62 | 27 633 


A study of the above table brings out the following interesting points: 
1. Eighty-nine (89) per cent of all samples analyzed were equal 

to the guaranteed value. 

2. Seventy-three (73) per cent of all samples analyzed were 5 
per cent or more above the guaranteed value. 

3. Seven (7) per cent of all samples analyzed were not within 5 

per cent of the guaranteed value. 


- 


per cent of the guaranteed value. 


SAMPLES REQUIRING SPECIAL MENTION. 
Sample A-1788. Armour’s Michigan Special, manufactured by Armour 


Fertilizer Works, Chicago, Illinois. 
held by L. R. Glassford, Capae. 


Three (8) per cent of all samples analyzed were not within 10 


This sample was drawn from stock 
It was found to be below guarantee 


in potash. Objection was raised on the ground that a mistake in sampling 


might have been made. 


Another sample, A-2464, was drawn from the 


same shipment and the analyses of the two samples are here given for 


comparison. 
Phosphoric Acid. 
Sample No. Nitrogen - Potash. 
Total. Insoluble. Available. 
A 1788 0.94% 10.50% 1.16% 9.34% 0.58% 
A 2464 0.98% 10.12% A 9.15% 0.75% 


0.97% | 
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Sample A-2023. Farmers Favorite, manufactured by Darling & Com- 
pany, Chicago, Illinois. The sample was drawn from stock held by Reed 
& Cheney, Grand Rapids. The analysis was so different from the guaran- 
tee it was evident that a mistake had been made by the shipping depart- 
ment of the company. As soon as the matter was called to the attention 
of Darling & Company, the lot was returned to the factory. The value of 
the fertilizer delivered was practically equal to that guaranteed. 

Sample A-2397, Staff-O-Life, manufactured by the Federal Chemical 
Company, Louisville, Kentucky. The sample was drawn from stock held 
by the Sioux City Seed Company, Millington. The analysis of the sample 
corresponds to the “Twenty-four Phosphate” fertilizer manufactured by 
the same company. When the matter was called to the attention of the 
company they admitted that a mistake must have been made by the 
workman in filling the sacks from the wrong pile. The value of the fer- 
tilizer delivered was greater than the one ordered. 

Sample A-1902. Penguin Ammoniated Phosphate, manufactured by F. 
S. Royster Guano Company, Baltimore, Maryland. The sample was 
drawn from stock held by F. B. Bachelder, Clarksville. This was sold-as a 
2-10-0 formula, but our analysis showed it to be a 1-12-0 brand. Objection 
to the sample was raised by the fertilizer company and a second sample, 
A-1980, from the same shipment was accordingly taken. The analysis 
of the second sample agreed closely with the first sample. The F. 8. 
Royster Guano Company accepted the second result as evidence of an 
error on their part and promptly paid Mr. Bachelder the difference be- 
tween the 2-10-0 and 1-12-0 brands. 

Sample A-2549. High Grade Acid Phosphate 16%, manufactured by 
I’. S. Royster Guano Company. Sample was drawn at the request of 
C. H. Barton, Grand Ledge, who stated that it contained stones and 
was the cause of breaking several seed drills. Upon investigation it was 
found that the “stones” were untreated rock phosphate that had spilled 
over from an overhead carrier in the factory and owing to a breakdown 
this particular lot of acid phosphate was not screened before being bagged. 
After making an investigation, F. 8S. Royster Guano Company paid the 
damages on the broken drills and also for having the remaining lot of 
fertilizer screened. 

LIME-FERTILE 


The material is licensed by the Fertile Chemical Co., Cleveland, Ohio, 
The only guarantee filed with the application is for 3.00 per cent phos- 
phorie acid. 

Three samples were drawn by the inspectors, two of which were found 
to be more than 0.2 per cent below guarantee. The samples were also 
found to contain the following percentages of calcium and magnesium 
carbonates. 

Calcium and 


Magnesium 
Carbonates 


yo eee Dea OTL Na i ROSS Oo TR 86.48% 
A. EZ OS OR satan eae Sete SES it ee ee eee 87.23% 


A 2620 


The analytical results indicate that the material is a mixture of approx- 
imately 90 per cent pulverized limestone and 10 per cent ground raw rock 
phosphate. 


87.80% 


Ce. 6) 10 Me)-\op en deen s, ay eliie’, 0: ele: .éuie ote’ otis) shin’ pha. \eire! oF ul te 
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It is claimed by the manufacturers that “Lime-Fertile’ is inoculated 
with “all-crop nitrogen-fixing bacteria.” All three samples were referred 
to the Bacteriological Department for examination as to bacterial content 
and their report follows: 

“Ashby’s Nitrogen-poor Agar was used for plating the samples of ‘Lime- 
Fertile’ with the following results: 

A 2585—Contained roughly an average of 510,500 bacteria per gram, 
only L000 colonies of which might be designated as the ni- 
trogen-fixing type. 

A 2573—Contained an average of 5,000 bacteria per gram, none of 
which were B. radicicola. 

A 2620—Contained roughly an average of 234,700 bacteria per gram, 
125,000 colonies of which might be designated as the ni- 
trogen-fixing type. 

“Pertile soils contain, instead of a few hundred thousand, many million 
bacteria per gram, from one to several hundred thousand per grain of 
which are organisms of the nitrogen-fixing type. Data compiled in our 
own laboratory show that poor sandy soils having from one to five million 
bacteria per gram contain from 23,000 to 424,000 bacteria per gram of the 
nitrogen-fixing type. 

“This shows that sample A-2620 of ‘Lime-Fertile’ contained a little over 
half as many organisms of the nitrogen-fixing type as did the most fertile 
of the samples of poor sandy soil analyzed, while sample A-2585, although 
it had a comparatively large bacterial count, contained but very. few col- 
onies of the nitrogen-fixing type, while sample A-2575 contained none at 
all. ; 

“Thus it is evident that none of these samples would add any consider- 
able numbers of bacteria of any type, especially nitrogen-fixing bacteria, 
to soil.” 

Several misleading statements were noted on the packages of “Lime- 
Fertile” and also in an advertising circular put out by the company. One 
of the most glaring statements is the following, taken from page 4 of the 
circular: ‘What it does. Lime-Fertile does the work of a complete fer- 
tilizer plus liming. Two hundred pounds of Lime-Fertile can be used in- 
stead of two hundred pounds of ordinary commercial fertilizer plus one 
ton of lime or two tons of ground limestone.” 

The only comment that is necessary is a comparison of the amounts of 
plant-food and lime furnished in the two eases. 


200 lbs. Commercial Fertilizer 


200 lbs. Lime-Fertile contains and 2 tons Limestone contain 
Nitrogen Unavailable Potash Lime Nitrogen f Available Potash Lime* 
P20; Carbonates P205 Carbonates 
0 6 lbs. 0 180 Ibs. | 2 Ibs. 16 Ibs. 4 lbs. 3,720 lbs. 


Assuming the limestone to confain 983 per cent calcium and magnesium carbonates. 


Many other mislez iding statements were brought to the attention of the 
ma nufactu rers, 
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Court CASE 


During the past year the first court case under the fertilizer law was 
successfully terminated. In the early part of May this office was notified 
of a product purporting to be a commercial fertilizer which was being 
sold throughout Lapeer county. An investigation was immediately 
started which disclosed that one, Richard Stafford of North Branch, Mich- 
igan, purchased a carload of pulverized limestone from the Solvay Pro- 
cess Co. of Detroit. This was packed in 100 pound paper sacks and was 
plainly marked as pulverized limestone. The cost of the limestone was 
$4.17 per ton laid down at North Branch. Mr. Stafford called it a “goy- 
ernment fertilizer” and sold it for $12.00 per ton, claiming it to be a lime 
and phosphate mixture. 

An inspector from this office accompanied by Mr. L. T. Bishop, county 
agricultural agent of Lapeer county, called upon several men who had 
purchased portions of the shipment and drew an official sample. 

After a chemical analysis proved it to be nothing but pulverized lime- 
stone the evidence was laid before the prosecuting attorney of Lapeer 
county. On June 21, 1918, a hearing was granted Mr. Stafford in the 
Justice court when he plead guilty to the charge. He was bound over to 
the Circuit court for sentence and on June 27 was fined 4200 and costs. 

In justice to the Solvay Process Co., Detroit, Michigan, we wish to say 
they were in no way involved in the case. 


FERTILIZER PRICES 


The rise of commercial fertilizer prices during the past: two or three 
years has put every consumer on his mettle to keep the cost of fertilizing 
down as low as possible. One means has been the curtailment, and in 
some cases, the abandonment of the use of potash, especially on the heavier 
soils and in connection with crops that are not heavy potash feeders. The 
increased use of acid phosphate is undoubtedly due, in part, to this same 
effort to reduce the ever rising costs. 

The temptation to buy low grade goods which sell at a lower price per 
ton is strong, even under normal conditions but in these abnormal times 
the tendency toward the lower grade fertilizers has seemed to be greater 
than ever. That this practice is unwise is shown in the following discus- 
sion of unit costs of the different forms of plant-food. 

The “unit” method of computing values is commonly used in the fertil- 
izer trade and the reader should get the meaning of the term and its 
application clearly in mind.. One unit of plant-food is understood to mean 
one per cent on the basis of the ton and hence represents 20 pounds; thus, 
if a fertilizer contains one per cent of nitrogen it is said to carry one 
unit of nitrogen, if two per cent then there are two units of nitrogen in 
the ton and similarly for the other plant-foods. A fertilizer, then, analyz- 
ing 1% nitrogen, 8% phosphoric acid and 1% potash carries one, eight 
and one units of the plant-foods in the order named. Knowing the ton 
price of a fertilizer containing but one of the plant-foods, as for instance 
an acid phosphate, the unit price of the particular food element is deter- 
mined by dividing the ton price by the number representing the percent- 
age. 

During the past year five different grades of acid phosphate were sold 
in the State. Of the 18 per cent and 20 per cent grades only one or two 
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samples were collected and consequently are not included in the discus- 
sion. Several samples of other grades were found and the average selling 
price and unit cost of phosphoric acid in each is shown in the following 
table: 


Unit Cost or PHosrHoric AcID 


Average =F Unit Cost of 
Grade FY {Retail Price. = Phosphoric Acid. 
fanz 
Te ME ee le ree hee eee . $23.13 $2.31 
iglUA = 6556 ooo tiee Jono Come oo imino oo nto omod mo oD J 25.58 1.83 
Mi RR SE se wraras! iin ge ae urge onl. ence G26.61 1.66 


It is readily seen that as the grade or percentage of available phosphoric 
acid increases the cost per unit of plant-food decreases. 

Assuming that $1.66 represents the average unit cost, to the consumer, 
of available phosphoric acid in 16% acid phosphate during the past year, 
we can now determine the cost per unit of ammonia in the various grades 
of ammoniated phosphate. This-is done by multiplying the number of 
units of phosphoric acid by the price per unit. This result is then sub- 
tracted from the price per ton which gives the cost of the total amount of 
ammonia. If now we divide this by the number of units of ammonia, we 
obtain the cost of ammonia per unit in that particular lot of fertilizer. 
As an example let us assume a 1-12-0 fertilizer selling at $54.12 per ton. 
Multiply the number of units of phosphoric acid by the price per unit 
(12 $1:66—$19.92) which-represents the value of the available phos- 
phorie acid. Now subtract this result from the selling price ($34.12— 
$19.92—$14.20) and the result will be the cost of one unit of ammonia. 
The cost per unit of nitrogen is determined by dividing the unit cost of 
ammonia by the factor 0.82 ($14.20—0.82—$17.32). 

The unit cost of ammonia in the various grades of ammoniated phos- 
pee sold in the State during the past year is shown in the following 
table: 


! 
Average Cost of Cost of Cost of 
Retail Phosphoric Ammonia Nitrogen 
Formula. Price Acid at $1.66 per unit. per unit. 
per ton. per unit. 
Hels APRON fs vhs or? Daves Botte nee $28.36 $19.92 $16.88 $20.59 
Hea (ec ey pets, soc hocdleheceve cv ete we ee 30.91 16.60 14.31 17.45 
P1220... oe ee ee ee eee. o2.40 19.92 12.83 15.58 
7 aol | CR 35.92 13.28 12.64 15.41 
Eerste 12) sev oxehs.c Sar Sia ver cvageuewa's 38.64 19.92 9.96 12.15 


Some objection might be raised to this method of arriving at the unit 
cost of ammonia, especially in using the lowest phosphoric acid unit value 
for determining the cost of the phosphoric acid in the mixtures. However, 
the cost of manufacturing any of the various grades of ammoniated phos- 
phate, exclusive of materials, should not be much greater than the cost of 
making 16% acid phosphate for the process is practically the same, except 
that in making ammoniated phosphate the ammonia-bearing material is 
mixed with the rock phosphate before the sulfuric acid is added. What- 
ever extra overhead expense is incurred therefor should rightly be charged 
up to the ammonia. On the other hand if the ammonia-phosphate mixture 
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is made by adding an ammoniate to a ready-made acid phosphate by the 
dry-mix process then it would be necessary to use a 16% phosphate in 
most cases and the extra cost of the mixture over and above the same 
amount of 16% acid phosphate should be charged to the ammonia. Fur- 
thermore, it is not our purpose to attempt to show actual values but to 
demonstrate the difference in cost of the plant-food to the farmer between 
the low and high grade fertilizers. In the case of the ammoniated phos- 
phates sold in the State during the year the difference between the cost 
of the ammonia in the 14-12-0 and the 2-12-0 formulas is very marked and 
a glance at the above table should deter any thoughtful person from pur- 
chasing the lower grade fertilizers. We are not in any way criticising the 
manufacturers’ prices on the lower grade formulas since, for aught we 
know, the retail prices that prevailed last year on these formulas may be 
as low as it would be possible to make them and provide a fair profit to the 
manufacturers. However, we do know that those farmers who purchased 
the lower grade formulas paid a much higher cost per unit of plant-food 
than did those who bought the higher grade goods. 

In arriving at the unit cost of the potash we have followed the same 
method as used in determining the unit cost of ammonia except that we 
used the phosphate-potash mixtures. There was a much smaller amount 
of these mixtures sold in Michigan during 1918 than of the ammoniated 
phosphates but the number of samples obtained were probably just as 
large in proportion to the amount sold so that the average retail prices 
should be as representative as in the case of the ammoniated phosphates. 


Average Cost of Cost of 
; Retail Phosphoric Potash 
Grade. Price. Acid at $1.66 per unit. 
per unit. 
1 0) Reg ae tae Ca REE tin iechie ear a Ge biG Gham cee a $30 83 $16 60 $14 23 
ORD ZENS ei 2 iedensceties'e Gib cecte rere awe: eaeD aie aie Racer aees 30 94 19 92 TO 
[Oo Peet een et REN IY AuRit DeSAUr cH RM onan nan earias Ea tine 36 00 19 92 8 04 


Here, also, we find that in the higher grade or higher analysis mixtures 
the cost per unit of potash is considerably lower than in the lower grade 


goods. 


Now, if we use the lowest unit values for ammonia, phosphoric acid and 
potash that have been obtained in the various cases (ammonia $9.96, phos- 
phoric acid $1.66, potash $8.04) and compute the value of the various 
complete fertilizers we obtain some very interesting data. 


: Computed Average 

Formula. Value Retail Price 
per ton. per ton, 
Ly RU ch eat a gE tae WN: Po RS ge TPA ate an GN, 2 ro cdc ae Re a $63 44 $60 OO 
2 -12 De aon EAN BOT EPL SORTS ERE EE acc rey RU crate Cer Ee het 55 92 54 00 
ry Nei origin RRMN Hm ek tan IRA SENS 5 Cheon Tee EE ES oR ee 54 26 49 00 
ABS ee Oi MTEL = TRUSS NAT eae ME te tres Bde Paes OL” Rel oe se ies 49 28 46 00 
PHNceros ts 5 inal aah at Cae Wier BERR re as atl ai 2A aa ts Se a EP Cn TUR Dae et Al 24 40 29 
LN cata oR Pp bln oe ee RE ATE Ur ae Bare Dai tent oe nay SPAR ie Ve 39 32 40 94 
I etal lpr ey mee ea rk DE Aarti eC tae ek ro ok ere ON, @ Alpes Bear, Ti 37 92 39 O1 
1 Dp UU eC SRN ARS oe te ee ARR 3 ee) Ae Et ace ee ENTE OPT Oe 30 64 35 92 
IGS So ig oa i A et ee eerie Son Ben ee da em eee mia Le Br cle NEED Se 32 94 35 73 
IES Ceo Meyenetie SR oe Neen era aks tit (ies Ao 4-o a AS GLEBE RIS OMI ees ol 31 28 35 59 
oleate athe bets NC oi cine RG ele boy Seat mS orb eae BAL aN eal or eh ely ee 26 30 36 50* 
Lops atl Oak eR eer a in at aie Rh eae TS Airey | 29 62 33 O07 
TE ince thant Ri SE A eye PME ty SPC Wp aD PRY Sean alk Shee, leaned Raa ola 29 62 33 86 
Oo oA at OER CECA) Se EI ELO chain oot edo ake Olin nme 28 09 32 10 


*Fall prices only. 
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A study of the above table shows, first, that the average retail price of 
the higher grade formulas was lower, in every case, than the computed 
value, and second, the average retail price of the lower grade formulas 
(those that contain one per cent or less of ammonia with a corresponding- 
ly low percentage of potash) is higher than the computed value. The dif- 
ference varies from $1.09 in the 1-12-1 formula to $10.20 in the 1-8-1 for- 
mula. The average difference is considerable and it is evident that in buy- 
ing these low grade formulas the farmer pays the fertilizer companies for 
a service that is of no value. This service may be accounted for by the 
filler that would be required to dilute the higher grades or to the cost of 
handling a larger amount of low grade ammoniate or potash material. 
Furthermore in the lower grade fertilizer the overhead expense, or cost 
of manufacture exclusive of materials, freight, ete., constitutes a larger 
percentage of the selling price than in the higher grade fertilizers, all of 
which accounts for the higher unit cost of the plant-food. 

Once more we wish to call attention to the fact that the computed values 
given in this table do not necessarily represent the true market values but 
in comparison with the retail prices they demonstrate that the low grade 
fertilizers are the most expensive. Also we make no recommendation as 
to the type of fertilizer one should use, this depends upon many factors 
which cannot be discussed here but having determined upon the type of 
fertilizer, be it acid phosphate or a complete fertilizer, the foregoing data 
demonstrate the advisability of buying the higher grade formulas. Fur- 
thermore the analytical results published in the following pages show that 
the higher grade complete fertilizers, as a general rule, carry a better 
quality of ammoniate or, in other words, the nitrogen in the higher grade 
complete fertilizers would, in general, be more readily available than the 
nitrogen of the low grade fertilizers. 

In connection with the foregoing discussion it is interesting to note that 
a movement is on foot among the manufacturers to reduce the number of 
fertilizer brands and eliminate all those with less than 14 per cent of 
available plant-food. 
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SOME INFORMATION AND SUGGESTIONS CONCERNING THE 
USE OF PHOSPHORUS. 


Bulletin No. 284 


M. M. McCoou, G. M. GrantHam, C. BE. M1Inuar. 


INTRODUCTION. 

Phosphorus is known to have been used in Europe as early as 1653 
for soil improvement. In this country its benefits were early recognized 
and the amount applied to the soil has steadily increased until it is 
made use of with safe margins of profit in all the older agricultural 
regions. Moreover, it has been found to be profitable on some of the more 
recently developed lands. Of course, there are several explanations for 
its wide popularity. 

This report discusses terms used, for ms in which phosphorus may be 
purchased ; its effect on crop growth and on the soil; the time, manner 
and amount to apply; removal of phosphorus from Michigan farms; 
the amount of commercial phosphate required to make good this loss; 
soil composition; and some results obtained from the judicious 1 use of 
phosphorus. 

Terms Used. Tt is rather unfortunate, since it confuses some, that 
several terms are used in referring to this valuable element of plant- 
food. These are used somewhat loosely, but strictly speaking they convey 
a definite meaning to the chemist or to those who have some knowledge 
of chemistry. It is sometimes spoken of as phosphorus, as phosphoric 
acid, and as phosphate. 

When it is stated, for example, that a substance contains 4.4 per cent 
of phosphorus it means the same thing as when it is said that it contains 
10 per cent phosphoric acid. Thus, in order to express the phosphorus 
content of a substance as an equivalent amount of phosphoric acid it 
must be multiplied by 2.3 and in order to express the phosphoric acid 
content of a substance as an equivalent amount of phosphorus it must be 
multiplied by .44. Many farmers use the term phosphate in a very general 
or broad sense, all kinds of fertilizers, those containing only phosphorus 
as well as mixed goods, being spoken of as phosphates. The term phos- 
phate as used in this report refers to one or all of the three carriers 
spoken of below. 

Carriers of Phosphorus. There are three phosphates or carriers of 
phosphorus, aside from mixed goods, which are worthy of mention so 
far as Michigan agriculture is concerned, namely: raw rock phosphate, 
bone meal, and acid phosphate. 

Raw rock phosphate or “floats” is found in natural deposits and has 
been extensively mined in South Carolina, Florida and Tennessee. Other 
deposits are also known to exist in Alabama, North Carolina, Nevada, 
Pennsylvania, Arkansas, Idaho, W voming, Utah and Montana. The phos- 
phorus occurring in this carrier is slow acting when applied to the soil 
and consequently it should be added in large quantities. 


a a ee oe 
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Finely ground bone or bone meal is obtained from packing and other 
slaughter houses and is somewhat more active in its effect on the crops 
than raw rock phosphate and therefore the applications consist of some- 
what smaller amounts. : 

Acid phosphate, the most extensively used in Michigan, is derived 
chiefly from raw rock phosphate and is manufactured by adding about 
one ton of strong sulphuric acid to one ton of the floats. As a result of 
this mixture the acid is neutralized and the phosphorus is converted 
into a much more active or available condition. Bone meal may be treated 
in a similar manner. The product obtained is commonly spoken of as 
acidulated bone, or soluble bone and the phosphorus exists in the same 
form as it does when floats are treated with the acid. 


Figure 1.—Alfalfa is an exacting crop requiring an abundance of lime and other elements of 
plant-food. The plants on the right are typical of those growing on limed sandy soil, those 
on the left were taken from the same soil to which had been applied lime and 300 pounds 
of acid phosphate per acre. Ingham County sandy soil. 


Effect of Phosphorus on Crops. An application of phosphorus in suit- 
able quantities to soils deficient in this plant-food element proves to be 
beneficial in several respects. It is known to increase tremendously the 
root production of plants, causing them to strike more deeply into the 
soil as well as to be more numerous in the surface soil. This has been 
reported to be of value during periods of drouth, enabling the plant to 
draw upon larger areas of soil for water and elements of plant-food. It 
results in greater leaf and stem development, and aids materially in 
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grain or seed formation and speeds up the maturity or shortens the length 
of the growing season. It may also raise the feeding value of the crops 
produced. It is maintained by agricultural writers that the most nutri- 
tious pastures in England and the best dairy pastures in France are those 
richest in phosphorus. 


Figure 2.—The root development of plants is increased by available plant-food clements. No. 1 
wheat grown in untreated soil. No. 2 wheat grown in soil receiving green manure. No. 3 
wheat grown in, soil treated with acid phosphate. 


Effect of Phosphorus Carriers on Soils. Phosphate fertilizers do not 
injure the soil. Some farmers are reluctant to use these carriers of phos- 
phorus because of the impression that they may prove valuable for a 
time and later lose their efficiency leaving the soil in a less productive 
state than formerly, markedly increasing the need for lime, decreasing 
or “burning out” the organic matter and injuring the tilth of the soil. 
These are misconceptions as long and carefully conducted field tests, 
notably at the Rothamsted Agricultural Experiment Station, England, 
and at the Pennsylvania, Massachusetts, Ohio and Illinois Experiment 
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Stations, have shown conclusively that the continued use of phosphorus 
on the land is a safe, sane and business like operation as measured by the 
increase in yield of the crops grown and the effect upon the soil. The 
lime content of the soil is not markedly changed by the use of either acid 
phosphate or bone meal. Inasmuch as raw rock phosphate or “floats” 
sometimes contains appreciable quantities of carbonate of lime, its use 
results in the lessening of the so-called acid or sour condition. Our 
investigations on the solubility of soils that have been treated with certain 
phosphates indicate that their presence decreases the rate of solubility 
of some of the mineral constituents and thus reduces the losses due ta 
leaching. ons el be Se 


Figure 3.—Wheat responds to phosphorus. On the right typical heads of wheat grown 
on untreated soil, on the left heads of wheat grown on the same soil treated with 
200 pounds of acid phosphate. 


Now with respect to the effect upon the tilth of the soil it is doubtless 
true that as a result of their application there is a tendency toward an 
improvement of the soil on account of the increase of the vegetable matter, 
if care is taken to conserve it. Of course, if rotation of crops and proper 
tillage are not practiced and the manure and crop residues not returned 
to the land the tilth of the fine textured soils will be impaired but not 
necessarily to greater extent with the fertilizer than without it. 

Amount to Apply. The amount of phosphate fertilizer to apply to the 
soil depends upon the carrier and the kind of crops grown and the nature 
of the soil. The law of diminishing returns should always be considered, 
that is to say a small application of a phosphate fertilizer results in a 
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greater percentage of increase of crop than does a larger one. This 
means, of course, that there is a limit to the profitable use of them, inas- 
much as the cost of the fertilizer rises in direct proportion to the amount 
used ; the rate of increase in the yield does not do so after a certain point 
is reached and, finally the value of the product becomes less than the cost 
of the fertilizer. Naturally those who cannot afford to take chances on 
the weather, fluctuation in prices, and other conditions should be some- 
what more conservative in their use than others. The law of diminishing 
returns with respect to the use of fertilizers is illustrated in figure 4. 
Where rock phosphate, the slow acting form, is utilized as a source 
of phosphorus, the applications range in amount from 1000 to 2000 
pounds.per acre, the slow availability being made up for in quantity. 


ja cealg ee a 1 eS 
alee es] Sl a ee oe 
Seals eee 


Amount of Fertilizer Applied 


Figure 4.—The law of diminishing returns should be considered in using fertilizers. The 
greatest returns on the investment may not be obtained from very large applications. 


It is generally agreed that this material is most effective when applied 
to the soil along with barnyard manure, green manures, or crop residues. 
If the soil is low in organic matter the larger applications are usually 
advisable. 

Bone meal, being somewhat more active than the floats, is used in 
smaller quantities. Where it is applied to the soil to increase the yield 
of small grains and grasses, 300 to 600 pound applications per acre are 
made and 1000 or more pounds for the larger cash crops. This form is 
not extensively used in Michigan. 

The active form or acid phosphate is applied to the small grains and 
grasses in amounts ranging from 80 to 300 pounds per acre, the average 
being about 200 pounds; for potatoes, beets and tomatoes, 300 to 500 
pounds are usually considered ample while somewhat larger amounts are 
sometimes utilized for the production of cabbage, onions and celery. 
It is generally considered to- be inadvisable to mix acid phosphate with 
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either caustic lime or wood ashes and if mixed with nitrate of soda the 
mixture should be applied immediately. 

Where to Apply. It is usually advisable to fertilize the rotation. 
Phosphates are fixed or held by the soil until utilized by growing plants, 
although when acid phosphate is applied to light sands it may be washed 
downward to some extent. This means that crops following in the rota- 
tion are benefited by phosphorus left by previous crops. It is generally 
considered that about two-thirds the cost of the application of acid phos- 
phate should be charged to the first crop and the remainder to those that 
follow in the rotation. In case of the floats these figures do not apply 
and it is usually the practice to add them to the clover or other sod before 
plowing and repeat the application in from four to six years, depending 
upon the size of the application and the crops grown. It is advisable to 
apply the bone meal or acid phosphate to the grain crops in the rotation 
as illustrated by figures 6 and 7. In several sections it is becoming more 


Kigure 5—Oats growing on Van Buren Co. sandy soil. On the left 1000 pounds of rock 
phosphate per acre were applied to corn before the oats. On the right 2000 pounds were 
added. It pays to use the rock phosphate freely. 


and more difficult to obtain suitable stands of clover with small grains, 
as a result proper rotation of crops becomes difficult. It is doubtless 
true that the lack of both lime and phosphorus in the soil accounts in a 
large measure for this undesirable condition and judicious applications 
of these result favorably as illustrated by figure 8. 

How to Apply. There are several methods of applying these fertilizers. 
Raw rock phosphate is applied by means of a lime and phosphate dis- 
tributor, fertilizer drill, or with the manure spreader when the manure 
is applied to the soil. Bone meal may be broad-casted and incorporated 
with the soil when the seed bed is prepared, distributed by means of a 
fertilizer distributor or attachment to the grain drill. 
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Lime and 16% Acid Phosphate Manure. 


Smell Graig Stededie Chir Clover: (‘ pete a ae ) A Cultivated Crop ~~. Small:Geain 


sed, Apply Here 16% Acid Phosphate 


A FOUR YEAR CASH CROP ROTATION. 


Figure 6.—Owing to the residuary effects of phosphates the rotation should’ be fertilized. A 
four year rotation for the finer textured soils showing the places to apply phosphates to 
best advantage. 
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A THREE YEAR ROTATION FOR SANDY SOIL 


Figure 7.—Rotation for sandy soil showing where to apply phosphate fertilizers. 
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Figure 9—Lime, rock phosphate or other fertilizers may be applied by means of a combination 


sower, 


About 80 percent. of 


Do not leave phosphates 
the entire root develop- 


on the surface of the soil, 
Place them where the 
plants feed, 


ment of cropS iS pro 
duced in the Farrow 
Slice of soil 


Figure 10.—Except when used in top dressing permanent meadows and pastures phosphatic 
fertilizers should be incorporated with the soil. 
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Acid phosphate is sometimes applied in the hill for corn or potatoes 
that is where small applications are made. This is not generally advisable 
inasmuch as the crops that follow do not receive much benefit from 
the residues. Some broadcast it by hand after the land is plowed and 
work it into the soil when the seed bed is being prepared. The majority 
of farmers, however, apply it by means of the fertilizer drill or attach- 
ment on the grain drill. In some cases it is sprinkled over manure in the 
spreader and applied along with it. 

The fact should not be overlooked that the efficiency of these fertilizers 
is dependent upon their thorough incorporation with the surface layer 
of soil. 

The reinforcement of farm manure with phosphorus is sound practice. 
Farm manure in comparison with commercial fertilizers is unbalanced. 
It- may be cited for example that a 2-8-2 fertilizer mixture or one con- 
taining two per cent of ammonia, eight per cent phosphoric acid and two 
per cent potash is widely used. Ordinarily mixed farm yard manure 
contains about .5 per cent nitrogen, .25 per cent phosphoric acid and .6 
per cent potash, thus being deficient in phosphoric acid. By supple- 
menting the manure with phosphorus smaller applications of manure 
may be made with better results. 


Phosphoric Acid 


Nitrogen 


Relative amounts of nitrogen, phosphoric acid, and potash 
ina 2-%$-2 commercial fertilizer. 


Figure 11. 
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The Phosphorus Balance of Michigan. Soils. The amount of phos- 
phorus lost annually from Michigan’s soils is of great concern to the com- 
monwealth. The figures in table I show as nearly as can be estimated 
the quantity of this element of plant-food removed by the staple crops 
and pastures, but not including fruit, mint, chicory, or vegetables such 


N, trogen 


Phosphoric Po tash 


Acid 


Relative amounts of hitrogen, phosphoric acid and potash 
in farm manure 


Figure 12. 


as the onion, cucumber, cabbage and others, and in addition the amount 
of phosphorus returned to the soil in farm manures and commercial 
fertilizers. The fertilizers are considered to carry 10 per cent phosphoric 
acid. 


TABLE I.—PHOSPHORUS BALANCE OF MICHIGAN SOILS. 


Pounds 

annually. 
Phosphonus NemMoved trom Ghee soll sees eryalsieves-oetoloicie loweistalececcleve el eistersuetsicmeversenie nate 77,999,678 
Phosphorus*returned inj farms rvamULes)wesue «corse cl «oleic ooo blcjelele wre) cp srelsPorensrevonictotens | 46,304,763 
Phosphorus returned in commercial fertilizers...........20-.secceceeeecees 8,732,000 
Totals phosphorus-ceturned ato SOs. coer «cstis.cre cle elvis osherstets a ievedemecie eco nene meee 55,036,763 
PHOSpHoOrusMosts PromMELMERSOU cede crs tarct tere] scleus sicctieseve s isiene lasek oon noone tol ele benonchoueres 22,962,915 


These figures reveal rather striking conditions. There are being lost 
annually about 22,900,000 pounds of phosphorus from our soils. It is 
true that as yet we are not ready to ignore the phosphorus content of 
many of the soils, that is supply it in sufficient quantities to meet the 
requirement of the crops grown. Yet we are approaching this situation 
and in case of many fields it seems to have been reached, and to these 
phosphorus should be added in excess of the amount removed by the 
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crops produced. There are soils now practically sterile which within 
the memory of the older inhabitants produced abundant yields of crops. 
Assuredly this condition is not due wholly to the depletion of available 
phosphorus, but that it is an important factor is evidenced by the bene- 


ficial results received by many farmers who have made use of phosphatic 
fertilizers. 


17.997, 6]8% 
of Phosphorus 


Femoved annually 
from Michigan 


soils. 


55,036, 763% 
of phosphorus 
returned annually 


to Michigan 
Soils 


22,962, 915* 
of Phosphorus 
lost annual] 

from Michigan 


soi ls. 


Figure 13.—If Michigan soils are to continue to be productive or are to be increased in 
productivity the use of the phosphorus must become general. 


The phosphorus situation on a given farm is governed largely by the 
system of farming followed, the amount of feed purchased and the care 
of the manure produced. In the light of our present day knowledge the 


conditions with respect to this element of plant-food on a dairy farm is 
about as given in table 2. 
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2—THE PHOSPHORUS BALANCE 
COWS, 10 CATTLE, 20 HOGS AND 


ON 


A DAIRY 


FARM WHICH CARRIES 20 
5 HORSES. 


Consumed by stock. Sold from farm. Returned to soil. 
Phos- = a 

Crops produced. phorus Phos- Phos- Phos- 
content phorus phorus phorus 
pounds. | Produce. | content | Produce. | content | Produce. | content 
pounds. pounds. : pounds. 
Hay, 10 acres, 20T.. 88.0 20 T SS NOT ire. eee cres Pal ni edietrcet| cre be toreeee eemedcal ais Aaa oer 

Corn, 10 acres: 

Grain, 400 bu..... 64.0 250 bu 40.0 150 bu DA. On| 0 Mes 2 Sellers eet 

StOvers al 2eliecwa- 32.0 fice wy ZOAOT| aes eet ell ane & halorete 4.5 12.0 
Corn, 10 acres: 

Silage, 100 T..... 100.0 100 T. TOO SO get.) cts Ee cetera the rene arera ere oer et serail ieee eee tos 
Oats, 20 acres: 

Grain, 1,200 bu... 139.2 800 bu. 92.8 400 bu. AG SAE il ae ee ea eee 

Straw, SOUT +2 §2.8 | Fed 6.5T. 11.4 (ed ee LORS Gi ro rene-e. econ ey lo Dente, = enone 

Bedding 
D7. 58 ae ils ealekecevall|s-b ee steeracl alee ewer aise Wfeney 30.84 
Barley, 10 acres: 

Grain, 340 bu..... 54.4 340 bu. BA Ae ae | ue ees al lees Se eis ae ee 

Strawa diel POOF |e Be Sens Gilles te eretereee a lel NOS OST eet oc eet 
Beans, 10 acres: 

Grain, 200 bu..... (oy Sal Un, A Ob ra Gs Sach ito Gates 200 bu GEO en oe he eee 

SiGRAWay Soro cieleleleratate ZO 2S Royce Bh ccote ete i-vereas Stee | (0) eget dose ec tict | Grace as Shalve 20.8 
Pasture, 30 acres.... ZO Ol Eee oe pee ZMOMOM eos: Fone eg eae ead | ieee rte etl | iti reer 
Purchased: 

Lesher (eb) AMe San aos lo umenG ceo Ff toyed We LOD OW, Se aes wikocs| hare Seeea cc alll Setnected kos Regeanrch | oneetc he ee ete 
Total phosphorus... SAA 2 Sli wenn e eiee S00 Ma ketene tows 163399) ss ee 63 .64 
Loss in process of Gigesiton, ane i handling 

of manure, 40 per cent. tas 6.6 

482.5 phosphorous returned to soilin 482.5 
manure. 
Total phosphorous returned to soil 546.14 


Total phosphorous lost from farm, 298.06 lbs. 
Pounds of 16 per cent acid phosphate needed to make good the loss, 4,270. 


It is to be noted if one purchases 7.5 tons of bran, feeds it and con- 
siders that 40 per cent of the phosphorus does not return to the soil due 
to its retention by the animals and losses from the manure, there is a 
deficit of 298.06 pounds of phosphorus on a 100-acre dairy farm, the 
conditions being as outlined. There are required 4270 pounds of 16% 
acid phosphate to replace the annual loss. 

The situation is different on a farm where less stock is fed, less feed 
purchased and much of the crops produced is sold. Under the conditions 
outlined there are required annually 6830 pounds of 16 per cent acid 
phate to meet the losses entailed on a 90-acre farm. 

That the system of farming followed, the amount of feed purchased and 
the care of the manure produced govern the phosphorus balance on a 
farm is further supported by chemical examinations of representative 


The writers are indebted to Professors Brown and Edwards of the Animal Husbandry De- 
partment and Professor Ridell of the Dairy Depa Tae for data repeats the weight, feeding 
and care of animals, used in compiling tables 2 and 3. 
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soils which have been cropped for about seventy years without the return 
of much fertilizing materials, and the corresponding virgin or uncropped 
soils. Such tests of course show wide variation in the changes in compo- 
tition_of soils from different farms. In some instances they are negli- 
gible; in case of others as much as sixty per cent of the phosphorus of 
the surface soil has been removed, while forty per cent losses are common. 
Later on-_the effect of different systems of farming or the changes in the 
composition will be reported. 


TABLE 3.—THE PHOSPHORUS BALANCE ON A 90 ACRE “MIXED” FARM WHICH 
CARRIES 6 COWS, 4 CATTLE, 14 HOGS AND 5 HORSES. 


| 
Consumed by stock. Sold from farm. Returned to soil. 
Phos. 

Crops produced. phorus Phos- Phos- Phos- 
content phorus phorus | | phorus 
pounds. | Produce. | content | Produce. | content| Produce. | content 

pounds. pounds. pounds. 
Hay, 10 acres, 20 T.. 88.0 1 (als be 74.8 a Me NSS. os stapes cual ea ealenso ess 
Corn, 15 acres: 
Grain, 600 bu..... 96.0 287 bu. 46.0=| 343° Du2 DOR Ola ecce tee pee rece ll oat oscbers 
Stover, 18:1 T.... 48 .0 yy Ls 324 bh 30508 Se eon. so ee ne Hea Wal Ooo ped Yo 18.0 T 
Oats, 20 acres: 
Grain, 1,200 bu... 139.2 800 bu. 92.8 400 bu. AGRA! Il Rete toa aqace rs =| Wetec verse 
Straw, 30,:T.. 2... 5278 -L shed sil. 14.1 
Bedding 
Rea uadl Mie Sal a erent rei 14.20: 24.6 8 T. 14.1 
Barley, 10 acres: 
Grain, 340 bu..... SASS |Psreroysa Wail aux oes, sees 340 bu. E57 GZ Bh Paar a ote Meitiees 9 ar nes oN 
Straw, Has TOROS RS cee 2 aaah ee acess 5 1 DY be LO Oe vas Goreesaloinsaaee ote 
Beans, 15 acres: 
Grain, 300 bu..... OGRA OS |Get ie nln oe eae 300 bu. 96203 P46 aioe lene 
SUEY cy IEPA Dee aLIU Ze | reese e Weweh st tiedl AN raccuanthasceotay samara |leoWatata tee 12, Sile2 
Potatoes, 5 acres: 
fOOOFDUSs.. nei SOOM eres Per rt saan ee 1000 bu. BORON GA ane opens eeewghtere 
Pasture, 15 acres.... US hie Cars Se on ee GO e eee cons Stace. \boreeh so abs or ase iWiexetov Seale 
Total phosphorus... PASR2 A sctes ees ss 5 rab ee: 8 cee Were DASA 5 Bote en el « 63.3 


Loss in process of digestion and handling 
of manure, 40 per cent. ............ 


201.8 phosphorus returned to soil in 201.8 
manure. 


Total phosphorus returned to soil 265.1 
Total phosphrus lost from farm, 478.1. 
Pounds of 16 per cent acid phosphate needed{toymakezgood,the loss,{6,830. 


Phosphorus in Some Michigan Soils. The phosphorus content of Mich- 
igan’s soils varies. The members of the Soils Section have been engaged 
in a systematic study of the representative soils of the State. In addition 
to other investigations, the composition of the samples collected has been 
determined. The results, thus far obtained, that bear upon the phos- 
phorus situation are set forth in Table 4. The phosphorus content of the 
representative soils of Berrien, Cass, St. Joseph, Branch, Van Buren, 
Allegan, Newaygo, Mason, Manistee, Ingham counties and the Old Lake 
Bed of Eastern Michigan is given. 
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Representing as they do much of the lower peninsula these figures are 
of great interest and importance to the future welfare of the common- 
wealth. They show that our soils are not high in phosphorus. A soil 
that contains a total of about 2000 pounds of phosphorus per acre to a 
depth of seven inches is considered to be well supplied with this element 
of plant-food. The pine and scrub oak lands usually are extremely low 
in this substance, the prairie soils are highest and others occupy an inter- 
mediate position with respect to their phosphorus content. 


Figure 14.—Bundles of wheat from eaual areas of fertilized and untreated silt loam soils. The 
bundles on the right in each group were grown on land receiving 200 Ibs. per acre of 18 
per cent acid phosphate. 


Table 4. Phosphorus in the surface layer of typical Michigan soils. 


BERRIEN COUNTY SOILS. 


Pounds 
Description. per acre 
Undulating to level sand known as Covert sand—scrub oak lands. 
Areas occur in the S. W. corner of county. Principally in New 
Buffalo, Chickaming and Lake townships..............-.--- 884 
Heavy silt loam with heavy subsoil called clay soil. Hickory, 
beech and maple land. Occurs principally in Hagar township. . 890 


Rolling sand to heavy sandy loam with sandy clay subsoil. Oak 
and hickory land. Large areas occur S. W. of the center of the 
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Pounds 
Description. per acre 
county. Weesaw, Berrien, Niles and Three Oaks, Buchanan, 
take--Bertrand: Oronokos townships .7..% ci. ooo: soe fe wie 0 ds apa T96 
Level sand along St. Joseph and Paw Paw river and Dowagiae 
Ereelete OAK AN Gs sere stata ete sees had ave che eile <iear pp o aie al ace @hetabe 1248 
Undulating to rolling sand largely timbered with maple, elm, oak, 
mekory, large area around. Ardens << 25.4 2 2. fn Be ecco s T15 
Rolling sand original timber beech, oak, hickory and maple, fruit 
land. Occurs principally in Watervliet, Bainbridge and Pipe- 
SUOMEUO WANS IETS at stator cy os ipsa opettiage eee Seog ct a or ath af ova ete oc era a6 66 1206 


Figure 15.—Some soils respond to nitrogen, phosphorus and potassium in the initial stages of 
their improvement. Rye growing on “Cass County farm, on the right no treatment, on the 
left, nitrate of soda, acid “phosphate and potash. 


CASS COUNTY SOILS. 


Undulating to rolling sand with a sandy subsoil. Oak and beech 
land found in Milton, Howard, LaGrange, Wayne, Silver Creek 
COMWMESII PS Somat reared a abe en a Sesh Sie ldioes oly ele poke eg alee 1018 
Undulating to rolling sandy loam, original timber beech, maple, 
hickory, basswood. Occurs principally in LaGrange, Silver 
CreekfandsPOnterstOWHSHIPS iyo oe sateen vee as «are apoee! svaterate anes Ley 
Undulating loam, original timber beech, maple, hickory and bass- 
wood. Areas found in Pokagon, Penn, Calvin, Mason, Porter, 


Newberg, Marcellus and Volinia townships.................. 1227 
Prairie, Volinia; Penn:and: Milton townships «3: \.ct2). = sc. «s.200e os 1908 


ST. JOSEPH COUNTY SOILS. 


Prairie soils, areas near Colon, Flowerfield Station, Mendon, 
Sturgis, White Pigeon and Three RGVere a. Soe oa at ar 10938 
Level sand typical of large areas throughout the county—oak, 
PTE WO) Ces BAe Bios Rees arian SO as Sin, Pe ARR Se A PA oF enti 787 
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Description. 
Undulating sand with yellow sand subsoil. Areas in Colon, 
Constantine, Park and Mendon townships. Oak, beech, maple 
Undulating to rolling sandy loam to silt loam. Beech and maple 
land, large areas in Leonidas and Mendon townships......... 
Undulating sandy loam with sandy subsoil—beech, maple and 
oak land. Areas found in Flowerfield, Sturgis, Fawn River 
and Park-townships.:. postu. see cee Een oe ele oe bre ake 


BRANCH COUNTY SOILS. 


Undulating to rolling sandy loam to silt loam, Hickory, maple, 
oak and beech. Large areas in all townships except Bethel 
and. Nobles a2 cpa es ap eee Pe once eee 

Level sand areas throughout county, oak.....................- 

Level sand to sandy loam. Oak, maple. Areas in Ovid, Butler, 
Giriad, Sherwood, Union, Batavia and Matteson............. 

Undulating to rolling sand to sandy loam. Oak, hickory, beech, 
occurs principally in the eastern part of Bethel township..... 

Undulating sand (glacial outwash) southwest corner of Noble 
township,:poeplar,red,oakjelm;ash.c. 2. seen aca «cca pe ae deeee 


Pounds 
per acre 


914 


1312 


954 


1115 
992 


1139 
L001 


1017 


Figure 16.—The response of crops to applications of phosphorus to some soils is remarkable. 
Oats growing on Van Buren County soil; on the right the soil received 2000 pounds of raw 


rock phosphate per acre the previous year, on the left no phosphate was applied. 


VAN BUREN COUNTY SOILS. 


Poor rolling sand, original timber oak and beech, occurs prin- 
cipally in Decatur, Porter, Almena, Antwerp and Paw Paw 
LOWDSHIDS *. 5.0 5 3c ore ete Cone Soe UE eee eee 

Level to undulating sand, oak openings, large areas thro ughout 
COTIN TAY. «595310 5) 0 anos Wo eR RR En Ste sls ean ete cane Se Sop oe err 
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Description. 

Rolling sandy loam called Arlington Hills, timber oak, hickory 
and beech, areas occur in Lawrence, Bangor, Waverly, Arling- 
ton, Columbia and Bloomingdale townships................. 

Rolling sand, oak and beech timber found in the 8. W. corner of 
county in Hartford, Keeler, Bangor and Covert townships..... 

Level poor sand of Covert township. Scrub oak land........... 

Rolling sandy loam occurs principally in Geneva township. Or- 
iginal timber hickory, maple, beech and basswood............ 

Level sand, along Paw Paw River, Oak land.................... 


ALLEGAN COUNTY SOILS. 


Upland loam soils originally timbered with beech, maple, oak and 
walnut. Large areas in the west central part of the county. 
Simgitarea, throws howdy they COUMLY 2.0. «cso So aveciene Soke ote. sxe a 

Clay loam soils originally growing hickory, elm and oak. Areas 
generally distributed Inet NeRCOUNUY. 20.0 et tia ene 

Low lying dark colored sandy soil, original timber o: ik and wal- 
WWE Areas throughout the-COunty:.. 22 vas es: wiaidse ws be muel 

Rolling sandy loam originally growing oak, maple, beech and 
hickory. Large areas in the eastern half of the county. Small- 
er areas cenerally diStripimted 1a... cio... koe os Seen amie oe 

Black clay soil which was covered with elm, oak and maple. 
Large areas lying between Allegan and northwest corner of 
the county. Small areas distributed throughout the county. .. 


MASON COUNTY SOILS. 


A SH< ChamiSOn tena Crise ae siesta te occ «ers sat eeMesenecttla ta pains tere we 
PINES SOU Separate ee eo oon wk Sine oe Nek ae EE 


MANISTEE COUNTY SOILS. 


Level to undulating sand; original timber pine, second growth 
scrub oak. Lower areas, poplar. Areas found throughout the 
COUN acer cscs Ae seed Meal cere wiapana tate, ee, ata tes ar ee eeoom evi ene EL 

Level to undulating sand; originally grew large pines. Second 
growth principally oak. Areas of this soil are distributed 


throughout, Che COWMLyisre.casss bara) scclere sie sas « at er ecLagettoma ts fig Aes tates 
Undulating to rolling sand. Mixed timber land. Large areas 
found in the nor thwest Parccol the-county is. 2305. PF Soe Malte 


Level sand along the Manistee river origin ally grew pine, second 
SHOWA NRO ARS od octata tes eget Ree ewe Nee oats. een Mba a dae it 
Level to undulating sand. Original timber pine, second growth 
scrub oak, soil quite shallow. Large areas found a the 
southeastern part ofae coumiy..-.))5 0)... aes bo eee 
Level to undulating sand originally growing maple. Soil is 
deeper than the pine lands. Areas found in Maple Grove, 
Bear Lake and Brown township......... 


ADDS 


Pounds 
per acre 


SS4 


992 
659 


568 
TOL: 


1035 


1048 
559 


584 


694 
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Description. 
INGHAM COUNTY SOILS. 


Undulating silt loam to clay loam, original timber beech and 
maple. Areas occur in Leroy, Delhi, Alaiedon and Wheatfield 
LOWDSBIPA 3 2%. ete <1. setae Selfa sneer ere te A to ao 

Undulating sandy loams to loams, original timber beech, maple, 
oak and basswood, occurs principally in Williamston, Vevay, 
Wheatfield, Delhi and Alaiedon townships................ ae 

Rolling sand, original timber scrub oak and poplar, with some 
maple and elm. Areas occur in Ingham, Bunker Hill, Meri- 
dian-and Onondaga, townships... ase oe irs as eee 

Rolling sandy loam to silt loam. Original timber beech, maple, 
elm, oak and hickory. Areas occur in Onondaga, Stockbridge, 
Aurelius, Leslie, Williamston and Ingham townships......... 

Level sandy soils growing oak and poplar. Found principally in 
Locke, Williamston, Leslie, Bunker Hill and Stockbridge twps. 


Rolling silt loam’ with heavy subsoil. Hardwood Jand—areas 
found in Brown, Bear Lake and Manistee townships..... Biectes 


Pounds 
per acre 


1503 


718 


Figure 17.—Some soils are very deficient in phosphorus and where applied its effects on plants 
are very striking even in the early stages of their development. In the center of photograph 
is shown wheat growing on untreated sandy loam soil. The remainder of the field received 


200 Ibs. per acre of acid phosphate. (Courtesy of H. B. Blandford) 


NEWAYGO COUNTY SOILS. 


Level brownish yellow sand. Original timber pine, second- 
growth scrub oak. Large areas in Garfield, Brooks, Croton, 
Big Prairie and Everett townships.....-...........; sap oo Os 

Level sand, subsoil gray “water sand.” Original timber pine, 
second-growth oak and popular. Areas found in the south- 
W.EStEEn “part OL mle: COMM bye. jy-4. ms «ee oriees rseenee tole efor etere 

Rolling sand with sandy subsoil. Original timber hardwood. 
Areas around “Hremonttand (Grants ore. piven isieselnet ilar sie oii 

Rolling brown sandy loam to silt loam with heavy subsoil. 
Hardwood Jand. Areas near Aetna, Ashland Centre and 


“800 


519 


778 


1105 
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Description. 
Gently rolling grayish brown sand. Original timber pine, sec- 
ond-growth oak. Areas in Troy township..................- 
Flat gray and sand plains found in the northwestern part of the 
county. Original timber pine, second-growth poplar and scrub 
Co ana eet tee alee hot eee Pate a ccr o hie. a a evaateCers aie Ss, «ere weshiey ens 
Gray sand with yellow to reddish brown sand subsoil. So-called 
“flats” of the north central part of the county. Original tim- 


ber pine. Very little second growth..............:...5.-s%-. 
Level brown to gray sand. Soil quite deep. Large pine land 
areas iY bartonjand Norwich-townships. ss 2. c 2 eens <. 
Gray sand with reddish yellow sand subsoil. Large pine land. 
Large areas in Goodwell and Wilcox townships.............. 


Rolling brown sand with clayey sand subsoil, original timber 
large pine and hardwood. Large areas in Ensley township. . 
Rolling brown to gray sandy loam with heavy subsoil. Hard- 
wood land areas in eastern Big Prairie and Goodwell twps. . . 


SOILS OF THE LAKE BED AREA IN EASTERN MICHIGAN. 


Undulating to slightly rolling brown silt loam on yellowish 
brown clay, pre-dominating type of soil in Macomb, St. Clair 
and Huron counties, and large areas occurring in Sanilac 
ang Oakland*COunties « << 3. ss. Falta 6s deat wey an tats Paes 

Level to undulating or rolling brown sand underlaid by yellow 
sand and then clay. Areas occur along Lake Huron and the 
St. Clair and Black rivers. Several areas occur in Huron 
COMIN Varo e eoe cue hetel a or stan ctaha al p's el eh et arian) “asV/eb su ckoranerc-tl eter cic ior avagetes rae & 

Undulating to gently rolling brown sandy loam containing some 
gravel, principally in St. Clair, Macomb and Oakland counties 

Sandy ridges of southeast corner of the Lake Bed Area......... 

Level to undulating sand underlaid at varying depths by clay. 
southeast, corneroi-the hake Bed. sstveis tise tasted. oot ace oe, ve es 

Undulating to gently rolling sandy loam with loamy subsoil, oc- 
curring where larger streams enter the Lake Bed Area. ve 

Black sandy loam underlaid by grayish sandy clay which grades 
into a heavier soil. Areas in Saginaw, Bay and Genesee county 

Black silt loam on yellowish brown clay subsoil, level to un- 
dulating. Areas occur from the thumb south to the State line 

Low lying silt loam with water table about 24 inches below the 
surface. Used for hay and pasture in the southeastern part of 
the: Lake Bed Area. .). 6.0.65 56. aot Sel cia: pestle a eee cing wean ete ol atahs 

Dark colored sandy loam with a heavy subsoil, large areas of 
which occur in Saginaw and Bay Counties, and smaller areas 
PHBMEEANHOLING COUMLES 230'c <r. aia, oko oos wiieo ee ote see el eRe 

Dark colored silt loam on a heavy subsoil occurring in Tosco, 
Arenac, and other counties in the northern part of the Lake 
Bed Area Bcaniocats eis) share. si tie Tate ui olie siene's crenolarel sige. cee mere ee : 

Dark colored sandy loam with gravely subsoil forming the Utica 
plamnistol Macomb COUNTY... soca + ewes 109 cote oe ee ve 


A5T 


Pounds 
per acre 


~ 


538 


1092 
1050 


1786 
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Pounds 
Description. per acre 
Dark colored loam soil with clay subsoil occurring in Gratiot 
and Neighboring’ COUMMMeS: 92s stn deer assis ie eleisas oe eee 1264 
Dark colored silt loam underlaid with open sandy silt. Found 
in Sanilac and neighhorine COUNTIES ees cin trae n-ne = - 785 
Sandy soil underlaid with sand for about 3 feet and then clay, 
occurring in Midland and other counties in the northern part 
of the Lake BedeAmea ns cir. isce  cccae Sue ter ot shone pcaeeepiie w= Cee Mae TO5 


Figure 18.—Tomatoes, on the left no fertilizer, on the right acid phosphate. Sandy soil in 
Wayne County. 


Results Obtained From the Use of Phosphorus. A safe margin of 
profit may be derived from the judicious use of phosphorus on many of 
Michigan’s sands, loams, clays and mucks. In determining the profits 
derived from the use of phosphatic or other fertilizers the increase in yield 
due to their application, the cost of the treatment and the value of the 
product grown must be considered. Let us suppose for example a 200- 
pound per acre application of 16% acid phosphate, costing $5.20 on the 
land, increases the yield of wheat 9 bushels, or oats 25 bushels, and the 
clover following these crops 1200 pounds per acre. The wheat sold for 
two dollars per bushel at the farm, the oats at seventy cents and the 
clover hay was worth $15 a ton under one set of conditions. At another 
time the phosphate cost $2.00 on the land, the wheat brought $1.00 per 
bushel, the oats forty cents and the clover was worth $7.00 a ton at the 
farm. Now what are the net profits derived from the investment in the 
fertilizer? This question is answered in table 5. 
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TABLE 5.—COMPARATIVE RETURNS FROM THE USE OF ACID PHOSPHATE UNDER 
CONDITIONS OF HIGH AND LOW PRICES FOR PRODUCE AND FERTILIZER. 


2 | : a 5 
Increased yield due | Value of oe, «| oe S SOON 
| to fertilizer. increase. eee | nae = bewisi—| 
= tek ee ee i = hag 
Crop Pediat este ° ate 
Straw Boy oro = aod 
; Grain Straw | Grain |and hay | 5° | ZS 6 52 S 
| per bu. | per ton. xo 'S) Y Zines 
| | | 
= [E= | | ain 
Wiheates oo. «: 9 bu. 900 lbs. $2.00 ESPN) lo aia meee loge oa en|lo bapa sol|cp ice cos 
@lover:.7-' =; Es (ae Ee el ZOO LDS. ||eerrers: reals 15.00: | $28.35 $3.20 | $3.50 $21.65 
Gas.) 25 oe... })20, bus 141,250 Ibs. .70 3.50 | ate ue | 
CHONCLE eo en eee Le 2OOFIDS Sa. cate eet, 200 28.69 3.20 | 3-00 | 21.99 
Wheaten. 25 sl. .o-bu: 900 lbs. | 1.00 | A Wtf 0 aol Lad cee RAIA Steir ol iy cee race Seo baer ae ee ace 
GIOVE eae wee lel el ZOOMIDS re cree gan e< 7.00 13.88 2.00 3.00 7.88 
| | | 
| | | 
Ostse~ 1 ee 2 Us| 1250) Tbs. | .40 | ZAR OUT ie Ge ote tere ek Pra H| Eats reed Pare Beds 
CIONET cara ce a 0-ce)|en otters ll 1,200 lbs. Ise uraket Payouts 7.00 | 25.45 2. 00;%| 3.00 9.45 


These figures show that when there is a substantial increase in yield 
from the use of phosphorus a greater profit may be derived under the 
first set of conditions, namely, high prices for fertilizer and crops grown, 
than under the latter, or lower prices. 


Figure 19.—Some soils are exceedingly responsive to fertilizers. The two rows of corn shown 
in the center of the photograph and several in the right were unfertilized. The others 
received’125 pounds per acre of a complete fertilizer. (Courtesy of C. M. Kidman) 


Furthermore, there is a tendency to overlook the importance of increas- 
ing crop yields by means of lime, phosphates, manures and other mater- 
ials to the farm management scheme. Suppose for example a live-stock 
farmer is able by the judicious use of lime and phosphate to grow satis- 
factory yields of alfalfa or clover and thereby decrease the consumption 
of high priced mill feeds, and in addition the grain production is increased 
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by the growth of legumes. This means that more livestock may be main- 
tained more cheaply on the same acreage, or the same number on a smaller 
area with less labor. 


TABLE 6.—HOURS OF HUMAN LABOR AND HORSE LABOR AND ACRES OF LAND RE- 
QUIRED TO PRODUCE THE SAME AMOUNT OF CROPS ON AVERAGE LAND AND 
LAND PROPERLY DRAINED, LIMED AND FERTILIZED. 


Average land. Drained, Sree ene fertilized 
and. 
Amount ‘ 
Crop. produced | | 
Acres Man Horse Acres Man Horse 
required hours hours required hours hours 
= IH 
IBGansi ee 195 bu. 24 840 984 10 | 350 410 
@afs, 2. oe: 600 bu. 20 252 454 Only . fits aval 204.3 
Wheat... .. 340 bu. 22 369.6 778.8 10 | 168 | 354 
Easyia oe 25 tons 20 98 362 11 53.9 199.1 
Motalioss We dese .es oie. 86 1 559.6 DEO Sae | 40 | 685.3 | 1,167.4 
! 


This does not include the time required to haul, thresh or stack the produce. 


A number of field tests have been made to determine the response of 
different classes of soil to treatments with acid phosphate. Some of 
these have been conducted cooperatively on county farms, some with 
farmers and others with county agricultural agents* In several in- 
stances the results obtained have been remarkable indeed. 

Field tests have been in progress three years at the Van Buren county 
farm on sandy loam soil. The first year corn was planted on the experi- 
mental plots, but owing to an accident the yields were not taken. Ob- 
servations made by Grantham during the growing season and a few days 
previous to the time of harvest of the corn revealed that the presence of 
either raw rock phosphate.or acid phosphate increased the rate of growth 
even in the early stages of its development. It was estimated that the 
yield was increased seven bushels by the phosphorus. 

The second year oats were seeded and the yield was increased by the 
phosphorus that the corn crop did not utilize, as shown by figures 5 and 16. 

Interesting results have been obtained from field tests at the Cass 
county farm on sandy soil. These have been in progress two years, and 
each treatment is duplicated or in other words two different portions 
of the field receive the same treatment. The yield of rye on three plots is 
given in table 7. The acid phosphate and the potassium chloride were 
applied to soy beans the previous year, but the sodium nitrate was applied 
to the rye crop 50 pounds at the time of seeding and 50 pounds in early 
spring. 


The writers are indebted to Mr. C. H. Graves, Farm Mgt. Demonstrator, for much-of the 
data in the above table. 


*At this time we desire to express our gratitude and acknowledge our indebtedness to these 
men for their commendable attitude toward the different lines of work undertaken, in fact the 
eoenaid spirit with which they have co-operated has made it possible for us to conduct the 
ie ests. 
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Table 7. Result of field tests with rye on Cass Co. Soil 1918. 


Yield of grain. 
Treatment. Bus. per acre. 


UGeper cent acid, phosphate: 200 pounds Per Acre crete <i 2 cw cles siossle ee Sei siesa oye ther 
Sodium nitrate 50 pounds in fall and 50 pounds in spring................++-.-- 28.66 
Muriate of potash 200 pounds per acre 


IN OmEP CACM CM tare tec tater sete teletace cer ecc) state, clei cusiiche che shel oie Yorsiiohe ewe Sdlovereiieye's. bie: silay one fone one, Satetencs 15.60 
MTCKEASCTAUCHLORLEREMIZEIalsccrerenstslels 1s ccteuc) sievereyat ct siet oreue) <faxehiaieiees) aici s 4 eie|/i« wyelevers a) bapene 13.06 
LGsper.cent acid. phosphate:200 pound ssper ACLe. . coe cece o cielo ste ol eucwe sis. 0 ele 

Sodium nitrate 50 pounds in fall and 50 pounds in spring................ceee0e 2. On 
MMereasevine yvieldcOVerUNtLea CEG ces eterare yoke cveter elect oneveireeuctiovcns’ ciestcver ay cilerel sfrerersich isl ensyeine 5.41 


This soil is deficient in vegetable matter, and responds to applications 
of complete fertilizers and its judicious use under normal conditions 
at least until clover is established in the rotation is profitable. Sweet 
clover responds vigorously to lime and phosphorus on this soil as illus- 
trated by figure 21. When this crop is established in the rotation of 
course the nitrogen situation is largely solved. 

Duplicate field tests were conducted on a sandy soil in Kent county in 
co-operation with H. G. Smith. Where 300 pounds of 16% acid phos- 


phate were applied to the soil the yield of potatoes was materially in- 
creased. 


Table 8. Results of field tests on Kent County Soils—1916. 


Yields per acre 
Treatment. bushel. 


INKt), VANE 6Y'S 01 Be at eR Cc Rees CSE PERN See OPA GET: ao Ret Bas ee anon ead arte rates Goer 100 
SE nes CHET el CRSP OP casa Te Cen iG cea 132 


In cooperative experiments with S. A. Foster, of Ingham county, 
applications of lime as marl and either acid phosphate or raw rock phos- 
phate have resulted profitably. (See figure 8.) The soil in question is 
a light sandy one, badly in need of lime as evidenced by the numerous 
failures to obtain suitable stands and yields of clover. Although this 
soil is not suitable for the production of oats, this crop was seeded the 
first season as a nurse crop for clover. The presence of the lime and 
phosphates increased the yield of oats and resulted in an excellent catch 
of clover. The following season the clover on the treated portion of the 
field outyielded that on the untreated Jand and was of much better 
quality. Moreover, about one bushel of seed was obtained per acre. 

The co-operative investigations with several farmers have been gratify- 
ing indeed. The affects of acid phosphate when applied to several soils 
are illustrated by means of photographs. 

Summary and Conclusions. The mineral element of plant-food, phos- 
phorus, is popularly referred to as phosphoric acid and phosphate. 

The three chief carriers of phosphorus are raw rock phosphate, bone 
meal and acid phosphate. 

The application of phosphorus in suitable amounts to soils deficient 
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in it results favorably, increasing the root, leaf and stem development, 
aids in grain formation and shortens the growing period. 

The effects on the soil are beneficial rather than harmful and its 
judicious use is a business-like procedure. 

The most profitable amount to apply is governed by the nature of the 
soil, carrier used, as well as somewhat by the prices paid for the fertilizer 
and received for the crop grown. 

The active form usually should be applied to the cash crops in the 
rotation and the other if used when sod, meadow or other crop residues 
are to be turned under. 


Figure 21.—Sweet clover responds vigorously to lime and phosphorus. On some of the light 
soils potash is needed. This clover is growing on the same soil as the rye shown in Figure 
15. The result of lime and acid phosphate. It will solve the nitrogen and humus problem. 


j 


Phosphate fertilizers may be applied in several ways, but it is usually 
advisable to utilize a fertilizer distributor. 

The phosphorus content of barnyard manure is relatively low in com- 
parison with nitrogen and potassium and the reinforcement of it with one 
of the carriers usually is desirable. 

As nearly as can be estimated about 22,900,000 pounds of phosphorus 
are lost from Michigan soils annually. 

Analyses of samples of soil from fields long under cultivation and from 
uncropped adjacent land show that the change in the phosphorus content 
of the soil is governed by the system of farming followed. In several 
instances as much as forty per cent of phosphorus was found to have been 
removed from the surface soil, in others twenty per cent, and in still 
others little if any changes have taken place. 
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The phosphorus content of representative soils occurring in twenty 
counties has been determined. The results show that pine and scrub 
oak lands usually contain less than 750 pounds. Prairie soils are the 
highest in this element, while others occupy an intermediate position. 

Not only should the cost of the fertilizer be considered in estimating 
the profit obtained from its use, but also the market price of the crops 
grown. 

The increase in yield of crops by the use of phosphorus reduces both 
the man and horse labor hours, required to produce a given amount of 
material. 

Many of Michigan’s sand, loam, clay and muck soils respond profitably 
to applications of phosphorus. The readily available, or acid phosphate, 
is the most extensively employed. 

By means of cooperative experiments with county agricultural agents 
many farmers, and managers of county farms we have been able to obtain 
information with respect to the phosphorus needs of several of Mich- 
igan’s soils. In view of the favorable results obtained we are forced to 
conclude that every farmer who has not ascertained to his satisfaction, 
by means of thorough field trials whether the judicious use of phosphorus 
on his soil is a profitable investment, should do so. 


GENERAL INFORMATION RELATING TO THE UPPER PENIN- 
SULA EXPERIMENT STATION. 


Special Bulletin No. 90 


BY R. S. SHAW, DIRECTOR. 


The following. notes of an historical character relating to the Upper 
Peninsular Station are reproduced from information contained in bulle- 
tin number 186, published in 1900. They convey a detailed description 
of soil and other conditions pertaining to the original 160-acre farm 
donated by the Munising Railway Company (Cleveland Cliffs Iron 
Company ). 

The State Legislature, at its regular session beginning January, 1899, 
passed an act appropriating $5,000.00 for the establishment and main- 
tenance of an Experiment Station in the Upper Peninsula, the purposes 
of which are described in a portion of Section 4, of Act No. 114, as follows, 
viz.; “The said Board (State Board of Agriculture) shall carry on such 
experiments pertaining to agriculture and horticulture as in their judg- 
ment will be most beneficial to the agricultural interests of the Upper 
Peninsula.” 

“Late in July, 1899, the State Board of Agriculture, obeying the 
mandates of this law made a rapid survey of some of the agricultural 
sections of the Upper Peninsula and chose as the site of the Upper 
Peninsula Experiment Station the 160 acres constituting the southeast 
quarter of section 28; range 46 north; 21 west. 

“This tract lies along the Munising railroad at Chatham, eighteen 
miles south and west of Munising, in Rock River Township, Alger 
County. It lies eight miles south of Au Train Bay, on the south shore 
of Lake Superior, and from 250 to 300 feet above its level. The farm 
is practically surrounded by a large belt of hardwood timber and, the 
climatic conditions are similar to those existing over the major portion 
of the central section of the Upper Peninsula. Heavy snow covers the 
ground during the relatively long winters, preventing deep freezing of 
the soil. The snow les on the ground continuously during the winter 
and until late in the spring when the sudden oncoming of the warm 
weather forces a rapidity of growth in the vegetable world unknown 
in regions farther south. The summers are hot and moist with no 
severe drouths. The autumns are long and usually delightful, although 
in areas surrounded by forests there is always danger of late frosts 
in the spring and early frosts in the fall, except along the shores of the 
great lakes. This danger, however, disappears with the removal of the 
forests. 

“The soil on the tract selected is far from homogeneous. Near the 
little creek, which flows east through the center of the 160 acres and 
divides the tract into two approximately equal parts, there is an area 
of black muck, while on the terraces, which rise one above another on 
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either side, the soil is graded into a black sandy loam, containing plenty 
of lime and of great native fertility. The soil is spread rather thinly 
over the solid rock. The valley of the stream, which is known by the 
name of Slap Neck Creek, is approximately sixty-five feet deep, measur- 
ing from the surface of the water in the creek to the level of the upper 
terraces on each side. These terraces are bounded by gentle connecting 
slopes, all cultivable. The depth of the soil varies from two and one- 
half to three and one-half feet. The native timber is maple, for the 
most part, with a few basswood, cedar, wild cherry and elm. The large 
size of the trees, combined with the denseness of the forest, demonstrates 
the good quality of the land. The contour of the surface provides ample 
drainage, except in time of excessive rainfalls.” 


SUPERINTENDENT’S RESIDENCE AND OFFICE 


“The 160 acres of land on which the Station is located was donated 
to the State by the Munising Railroad Company. The Company also 
agreed to clear, stump and grub the land as needed for experimental 
purposes and specifically agreed to clear, stump and grub twenty acres 
prior to May 1, 1900.” 

“After accepting the donation of the land, the State Board of Agri- 
culture confided the planning and execution of experiments to the 
Director and Council of the Experiment Station, connected with the 
Agricultural College.” 

The following quotation is taken from the report of the Director of 
the Experiment Station, dated June 30th, 1911: 

“A valuable addition in the form of land has been made to the Upper 
Peninsula Station at Chatham. Six hundred acres of land with the 
timber removed has been generously donated by the Cleveland Cliffs 
Iron Co., for the purposes of experimentation and demonstration. This 
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comprises the section on which the town of Chatham is located with the 
exception of forty acres which forms a part of the town site. 

“As this property adjoins the present experimental farm of 160 acres 
diagonally and as it consists of the choicest land in Upper Michigan, 
the possibilities of developing a model farm are apparent under proper 
management. It is not intended to develop an experimental farm only, 
but to establish a model or demonstration farm operated on a com- 
mercial basis as well.” 


FARM HOUSE 


The State Board of Agriculture, realizing the establishment of the 
live stock industry as the basis of a permanent agriculture and finding 
the original 160 acre farm inadequate for developing the live stock 
business on a sufficiently large scale, took the initiative in the negotia- 
tions leading to the addition of 600 acres more. 

Mr. Leo M. Geismar was selected as Superintendent of the Station 
in the spring of 1900, and continued in charge up to March, 1912, when 
he was appointed to the position of Agricultural Extension Expert for 
the Upper Peninsula. At this time Roswell G. Carr, B. S., a graduate 
of M. A. C., was appointed and continued in charge until March, 1916, 
when he became Agricultural Agent for Ontonagon county. Since this 
time B. W. Householder, B. 8S., also a graduate of the college, has been 
in charge. 
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LANDS, BUILDINGS AND EQUIPMENT. 

The original 160-acre farm is inventoried at $8,000.00. Of the recently 
acquired section, 140 acres, seeded and fenced, is valued at $4,200.00, and 
the remaining 480 acres of new and cut-over lands at $4,890.00. Thus 
the total estimated value of all lands at Chatham is $17,000.00. 

The following is a list of buildings which have been provided very 
largely during the past half-dozen years: 


Residence. of “Superintendent... .-. <2... ces se $5,000 00 
Warm nouse. LO OGMS, 24528 aioe aoc 3 asc see! eho aha 4,500 00 
Meaney veL Mg es ORG cata oe toes siecle =e = em) ea <tr oes ~ 3,500 00 
ooucellarcconerete) 20R50 5 Fe a. eects ote Ss aie 1,000 00 
BS (aye! enrSTextal lb. 2: So CRAG on nae eae aon mea a 1,000 00 
Wee sme Fi CUMCLCLE ys te 5 Sie si: ay Ae eh sbiC ts @ Breet nar ote sees 500 00 
JePopTd head ize) Use ae he were Pt ea ee seca Soe eee 250 00 
OpeieinaalleD OP Ses ANA c.f. srsasts aye raok oes seat e w ohe tes 250 00 
Origanal eral yerr eek ae vce ne ehre.s ae es as oe a8 200 00 
Shep polaris eK OOS: Go ae cosiege a signe bisa tgere oaeteaes Sas. 2,400 00 

Potalievalue Of DUUIGIn eS: 5 © co aros. spaces os er $18,600 00 


During the present season a combination horse and implement barn, 
40x100, is being erected at a cost of about $7,500.00, thus meeting a 
long-felt need. The old seed house has been removed to the basement 
foundation originally occupied by the old farm house and the basement 
is being fitted up for use as dairy rooms while the upper floors are being 
equipped so that seeds and grains may be properly stored, cleaned, 
graded, ete., at all seasons of the year, no matter what weather condi- 
tions may be; this will include an expenditure of about $1,250.00. This 
season, also, a concrete manure pit, 24x60 feet, is being built to cost 
approximately $650.00. This manure storage house will connect directly 
with the carrying trackage already in operation in the dairy barn. 
Such storage facilities are made necessary because of the long periods 
of winter with depths of snow which. make it impracticable to haul the 
manure out on the land at that time. These building facilities will com- 
plete the system planned on the home farm. Cheap, commodious shelter 
sheds for sheep and cattle and for the storage of fodder are now needed 
on the newer grazing lands of the larger farm. 

The original farm and those portions of the newer farm: fenced, in- 
clude a total of from 18 to 20 miles of fences, representing an investment 
of approximately $6,000.00. In large part, the cedar posts have been 
salvaged on the farm and heavy 48-inch woven wire has been procured 
in carload lots. Just prior to the war a very heavy all number 9 lateral 
wire fence was used, but more recently price conditions have enforced 
the use of a lighter type of fence. At least half of the cut-over land 
of the newer farm is still unfenced, permitting neighborhood stock to 
roam at will, interfering with seeding plans. A car of wire is now on 
hand, together with the necessary posts, but the labor situation has 
seriously interfered with construction work. 

A continuous addition to the working equipment and facilities now 
represents the following investments: 
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Miscellaneous tools, supplies, etc. ..........-.... $1,394 55 
Implements and machinery, 52 pre ote eels os le lel 1,201 05 
Heed ‘and bed dine’ ss: ce aie rere ee eee (et 178 88 
Crops <2 Rene UG ae aoa a en nee oa 2,625 00 
Seede: osu er otk Fa tie eee ee ie ane ES tah Ores 176 50 
Cleaning supplies (dairy) a ceca crest. c tne oats 26 75 
Live: Stocks S once ete ee cee eae oe nee I Oe 11,263 00 

Total value equipment June 30,1918 ....... $16,865 71 


« FINANCIAL REPORT. 


The history of the Upper Peninsula Experiment Station includes some 
years during which the State Board of Agriculture, with the limited 
funds at its disposal, was unable to appropriate as generously as seemed 


SEED HOUSE, ICE HOUSE AND DAIRY BARN 


desirable for the more rapid development of the Station. Three un- 
fortunate occurrences resulted in withholding from the State Board of 
Agriculture, during the past ten years, nearly a million dollars which 
would have been used by the Agricultural College, Experiment Station 
and Sub-Stations. The first of these was the vetoing of a legislative 
appropriation bill, the second, the pronouncement as unconstitutional, 
of a mill tax bill by the Supreme Court of the State and the third con- 
sisted of the disastrous fire loss of the Engineering building and equip- 
ment at the College, a little more than two years ago. A perusal of the 
investments heretofore enumerated is expressive of the interest of the 
Board and the administration of the institution in the Station. For 
operating expenses, land clearing and building, $12,362.67 was appro- 


priated for the year ending June 30, 1917, and for the ensuing year, 
P19,972.72. 
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FUNCTIONS OF THE STATION. 


The land area of the Upper Peninsula includes 10,682,240 acres, a 
little less than one-third of the entire state. In 1909 the land area in 
farms amounted to 913,748 acres of which 340,602 acres were improved. 
The number of farms at that time was 8,994. As rapid strides have been 
made in the development of the agricultural conditions of the Upper 
Peninsula since 1909, the number of farms and area improved has been 
greatly increased. 

The data heretofore given indicates the location of the Station at Chat- 
ham in the midst of a vast area where pioneering conditions prevail and 
where information is being sought,.on greatly varied problems pertain- 
ing to agriculture, including economié methods of land clearing, all 
phases of crop production, live stock breeding, housing, grazing and 
feeding, etc. Then these problems are further complicated by greatly 
varied soil and climatic conditions. The conditions are new ones, and 
many of the questions cannot be answered by information procured 
elsewhere. The institution must needs partake of both an inv estigational 
and demonstrational character and must necessarily include those busi- 
ness factors relating to comparative costs of production, transportation, 
marketing, etc. 

It is apparent that close relations of cooperation must prevail with 
the Upper Peninsula Agricultural Extension Organization. The district 
experts and county agents are constantly coming in contact with prob- 
lems requiring investigation. In so far as possible the Director and 
Superintendent will always be glad to endeavor to arrange for experi- 
ments to answer these questions and thereby extend to the Extension 
workers an invitation to make their wants known freely, even though it 
may not be possible to meet all the needs at once while the facilities 
of the Station are incomplete. 


REPORT OF THE WORK OF THE UPPER PENI} sete STATION; 
INCLUDING DATA FOR YEAR ENDING JUNE 30; 1918. 


BY B. W. HOUSEHOLDER, SUPERINTENDENT. 


CROP PRODUCTION. 


Plant breeding by the comparison method, or variety tests, is being 
carried on quite extensively. During the summer of 1917 the following 
varieties were grown, viz.: corn 11, oats 8, barley 16, spring wheat 4, 
winter wheat 15, potatoes 6, and soy beans 1, covering an entire area of 
about six acres. Some of these are tested sorts from the East Lansing 
Station while others have been procured from neighboring states where 
somewhat similar conditions prevail. The purpose of the work being 
to determine the varities most adaptable to our climate and best suited 
to our needs means, that definite results cannot be procured for a period 
of years. Continuous, careful work, with the addition of new varieties 
and field tests in other portions of this region must follow. 
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In order to carry on experimental work in plant and animal breéed- 
ing more trained help is needed, including labor with some appreciation 
of the methods to be followed and details to be observed. The varied 
soil and eclimatie conditions of this region prevent the acceptance of 
data procured elsewhere without first making a check as to the growth 
conditions and quality factors. The rapidity with which the Upper 
Peninsula is being developed agriculturally, is rapidly increasing the 
demand for information relative to cultural methods and_ possibilities 
of procuring the proper kinds of seeds in sufficient quantities. 

In order to cooperate with and meet the needs of the County Agri- 
cultural Agents, a more extensive and greatly varied line of experiments 
will have to be inaugurated. The location of the station is not particu- 
larly favorable to demonstration efforts as it is not easily accessible 
to a large number of people. The county agents are being confronted ~ 
with problems which the station must meet. 


VARIETY TESTS. SPRING WHEATS, 1918 


‘ CROP ROTATION AND SOIL FERTILITY EXPERIMENTS. 


The following crop rotation systems were started three years ago, viz.: 
Rotation JI. Virgin Soil, Barley, Clover, Roots or Potatoes. 
Rotation II. Oats, Roots or Potatoes, Barley, Clover. 

Rotation III. Roots or Potatoes, Oats and Peas, Alfalfa. 

Rotation I will be conducted in duplicate, one set of plots being used 
in a test with stable manures and the other with both stable manures 
and raw rock phosphate, the same plan is to be followed with rotation 
II, while part of IIT will be treated with stable manure and the balance 
with manure and lime. Other rotations are being considered with both 
winter and spring wheat, rye, soy beans and possibly corn. 

Baripy.—Oderbrucker barley is being raised at Chatham as a sub- 
stitute for corn because the early and late frosts interfere with the 
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BARLEY, 1917 


development of the latter at this point. Corn of suitable types may be 
grown for silage in the more favorable locations. But even where this 
is not possible cereals such as wheat, rye, oats, barley and legumes such 
as alfalfa and clovers together with enormous and easily produced root 
crops more than make good the deficiency. The barley crop in 1917 
yielded 30.5 bu. per acre, machine measure. The pedigreed Oderbrucker 
variety was furnished to twenty-three farmers located in the different 
counties of the Upper Peninsula at $2.25 per bushel for seed. So far as 
known, this variety is the most promising for this region. 


VARIETY TESTS, OATS, 1918 
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Oars.—Worthy oats which were bred out at East Lansing and which 
are being grown here in the larger field areas yielded 47 bushels per 
acre. Nine farmers were furnished seed of this variety. 

Roors.—These were grown for dairy cattle and Sheep feeding. Ruta- 
bagas grown on rough, new land comprising 2.837 acres, in cultivated 
drill rows 30 inches apart, yielded 46,114 pounds, or an average of 
19.46 tons per acre. Because of the possibility of growing a variety of 
root crops, of high yield, there is need of printed -material descriptive 
of the most up-to-date methods of production, in order to minimize the 
large amount of expensive labor usually involved. 


OATS AND CORN, 1916 


SinaGe Crops.—Both corn and oats and peas were grown for silage. 
Because of unsuitable conditions the corn made very little growth and 
was frosted when it had attained a height of about four feet on August 
26, 1917. The total yield for a total area of 3 acres was 6.64 tons or 
an average of 2.21 tons. It made a poor quality of silage. 

The oats and peas yielded 65.5 tons of green material for silage from 
6.41 acres or an average of 10.28 tons per acre. This crop made an 
excellent quality of silage which was relished by the dairy herd, result- 
ing in the good returns illustrated in the dairy financial statement. The 
production of oat and pea silage is giving such good results as to require 
further investigation and more detailed reports as to methods of grow- 
ing, siloing, feeding, ete. 

Soy Brans.—One-half acre of soy beans was planted both this year 
and last, but were damaged by frost in both cases. 

Porarors. Most of the potatoes grown on the Station Farm were in 
the demonstration plots. Five different varieties commonly raised in 
the Upper Peninsula were grown under varying conditions. The objects 
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JARIETY TESTS, PEAS, 1918 
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sought were: (1) ‘To determine the best spacing for obtaining the 
largest yield per acre of marketable potatoes, (2) to compare the results 
from green sprouted potatoes with those taken from a dark cool cellar 
both being planted at the same time, (8) to determine the largest yield- 
ing varieties, (4) to determine the economic and comparative values of 
applications of acid phosphate, stable manure, wood ashes and plantings 
on alfalfa sod, (5) planting by tuber unit system for seed selection and 
for demonstrating the unproductive qualities of some tubers, (6) to 
determine the effects of spraying with Bordeaux Mixture, (7) comparison 
of tip versus butt cuts for seed, (8) comparison of diseased and healthy 


POTATOES, EXPERIMENTAL PLATS, 1917 


seed, (9) use of seed dug in spring along with that harvested in the 
autumn. As the data procured from the foregoing tests is voluminous, it 
is to be published separately. 

Fruir.—A new orchard was started this spring containing the follow- 
ing varieties, viz.: Apples—Yellow Transparent, Duchess, Wealthy, 
Fameuse, Northwestern Greening, Wolf River, Alexander and Pewaukee 
and North Star, Crabs—Hyslop and Martha. Cherries—Montmorency, 
Early Richmond and English Morello. 

The varieties selected were chosen largely as the result of observations 
of county agents in Alger and adjacent counties. Though the original 
orchard has not been a success, it is the plan to continue the work along 
this line. Past experiences show conclusively that only a very limited 
number of varieties of apples can succeed under Chatham conditions, 
that the soil should be deep and substantial, the site well drained and 
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protected and that the trees must be headed strongly without weak 
crotches and that great care must be exercised not to prune severely, 
keeping the heads rather full for protection. 

Small fruits as currants, gooseberries, raspberries and strawberries 
yielded well. 

GARDEN VEGETABLES.—Owing to the lateness of the spring of 1917, 
most garden truck was delayed in its growth. Beans were destroyed by 
frost on August 28th. This spring, (1918), beans, sweet corn and toma- 
toes were badly damaged by frost after starting. 
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PART OF DAIRY HERD 


LIVE STOCK SITUATION. 


The Upper Peninsula comprises a vast area, a little less than one- 
third of the state. The present condition of the land area may be di- 
vided into four groups, viz.: (1) timbered, (2) cut-over, (3) undrained 
and (4) broken, hilly and sandy lands. Enormous areas have splendid 
agricultural possibilities when developed. The figures which follow in- 
clude some costs of production at the station which would not arise in 
the case of the private farmer for the following reasons: (1) The de- 
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tailed work of weighing feed, milk, ete., recording the same and caring 
for animals as individuals or in groups in order to get definite accurate 
results, more than doubles the labor cost. (2) The station farm has 
insufficient cleared land in proportion to its live stock, resulting in heavy 
purchase of feeds. The pressing need for stimulating the live stock 
industry seemed to warrant the rapid increase of herds and flocks. (3) 
Transportation has added heavily to costs of all imported materials. 
Chatham is nearly four hundred miles distant from Chicago. 


DAIRY BARN AND SILO 


DAIRY. 


The following figures are given in detail to illustrate more clearly the 
work of the station, and the qualifying factors just mentioned should 
be borne in mind. 

The Station dairy herd numbers seventeen heifers, fourteen cows and 
one bull at the present time. An average of twelve cows were milked 
through the year. The average milk production of these cows was 
10,356 pounds. Six of these cows were only a little past two years old 
at the time of freshening. 

Five of the best ones were used in conducting ration tests. The object 
of the ration test was to enable us to determine the economic value of 
each kind of succulent feed in the production of milk, and in maintain- 
ing the general health of the animals. The feeds used in conducting this 
test were: Roots versus oat and pea silage, and the combination of 
roots and oat and pea silage versus roots alone, and versus silage alone. 
This test was started on December 25, 1917, and carried through to 
April 8, 1918. The cows were fed for a period of one week on one kind 
of feed, then an intermission of one week was used in changing them 
over to another feed, and so on alternately until the end of the tests. 
Each test was carried on in triplicate. 
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The average feed costs taken from triplicate tests, per 100 pounds of 
milk produced are: 


Feed in combination with roots and silage .......... $1.42 
Feed in-combination-with silage .....0......6...45.6: 1.286 
Feed ani COMPINATION= WIM POOUS ©. 22. s:2 cane oye wee efone os 1.662 


_ The hay and grain allowance in this test were kept constant. The 
hay was very largely clover and the grain was made up of the following 
parts by weight: 


PST Tite tet encore aed Say oaks a Rr cae Te askover a atante< hse Si Coe Rs 4 parts 
CLO UMS COMMM cedityat sAcctiats aie cava t aiere Oe se Soe ses hee 2 parts 
NEEDING UL Sipe Stare tea rh gheonte ata ae ois loa cet are are A andes 2 parts 
GUUS 558 See Vso atara evans cpenantnw Mie dal ade sirmcars ooplsitas a ee 1 part 
CO TIN Cees rakes cp TS wash areas ik corse ep te fae GER 1 part 


FILLING CEMENT BLOCK SILO WITH PEAS AND OATS: 


FINANCIAL STATEMENT OF NEW YEAR’S WORK. 


Investment: 
Detiary barn suse ee eer dks acted ee oot. $3,500 00 
Mwelve: cows: (@- $250.00 -s see tne oc 3,000 00 
Nine heifers: @$100:002. .. 5 22. sake 900 00 
Bull @-$150,00; . 35.52. PR ok ar ee 150 00 
Equipment, besides barn ............... 500 00 
Land pastured 40 acres @ $25.00 ....... 1,000 00 


$9,050 00 
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Present Valuation of Herd: 


Fourteen cows @ $250.00 .............. $3,500 00 
Seventeen heifers @ $100.00 ........... 1,700 00 
Buall@ PISO fe sie epee Wecee es 150 00 | 
——_——__—— $5,350 00 
Costs: 
Labor $166.80 per month for 7 months... $1,167 60 
Labor $89.51 per month for 5 months..... 447 55 
Hay, 39 tons 28 pounds @ $21.16........ 825 26 
dB) icin Mete frie N01.6 1 Serene ai ee ert it Sed SAG, Sep 289 00 
Ground feeds dom ce ce ecres cet ee te 52 36 
Gluten,-3-500spounds ccs os 6 reir 103 25 
Onlvcake: 4-500 Pounds. : serach oe 133 00 
Ground corn:-9:233, POUDGS <5 roils clei 361 33 
Middlines'2Z00 spoumdse ns sXe syetararet > ee 5 20 
Ground oats, 8,560 pounds ............. 202 84 
Beet pulp, 3,000 pounds .........:..... 63 00 
Roots:\65; tons..@ hd:33 os oe |e emia 399 75 
Sila ses GOONS) ROMO ss cacy he eres ianerte oe 400 40 
Sabb gatsaccothe mocap reas et ree enetesomeme yey «tele 2 45 
Medicimesin. sak muse cect es aeate emo Ce 24 75 
Suma ryyitiemis = ssa pie oc ene somes ey oreleeee tare: 82 24 
Veterinary SCLVICES 4. ke acy arene leveitater yee 20 54 
dB Y216 (6 WE 0020 to reread Miner ene clr, KIA "SID alain csc 122 72 
— $4,703 24 
Interest on investment, $9,050.00 @ 6% $543 00 
Se $5,246 24 
Receipts: 
Cash receipts: 
Bulls Solds Tks ee ee eae ee eee eee $652 00 
GOWS SOLAS O Nae eset ree eae mE as 874 36 
ig BUG 1 beieram greenery ra nitric gat ope 6 aon aoa ra 11 62 
Crea nig ceed Seen ptmente kates iatisteies ine a e 1,347 96 
VEE Si oie re eee cmt tert Sastic acer sche mic ee ane 450 84 
Cashireturned ion Gekets! 2 te oe a 56 41 


Other receipts : 


Manure 299 tons @ $1.00 ..........%. a $299 00 
Inereased*valuatione'. s-.<. 2. sh ehecelene ee 1,800 00 
Mauscellameo san ss cy 605.0. see ae eee 59 24 
Skim milk to pigs, 5 gals. per day @ 4c.... 73 00 
Credit 144 labor charge (extra labor on 
ACCOUMEERPPAWOLK) oscar wbitas Goes 807 53 


a $2,538 77 
$5,931 96 
Net profit: : 


Motal -receiptsice stew tis dins whe acute ee $5,931 16 
Motal costsy-i lait: Eres sea tke ears 5,246 24 


POR Ciacis5..0 oe dose eee Cte ee ee $O85 82 
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The valuation placed on cow manure is $2.74 per ton (Henry’s Feeds 
and Feeding). I have allowed only $1.00 per ton. This leaves 41.74 per 
ton to cover waste and cost of putting on field. 


STATEMENT OF WORK ON BEEF CATTLE. 1917. 


A carload of 26 average grade, two-year-old steers was purchased off 
the Chicago market on June 15, 1917, for the purpose of learning whether 
they could be handled at a profit or not. Following is statement of the 
results obtained : 


Twenty-six steers, average weight 159 Ibs. 


COSt at Chica l One... ss oe ero $1,638 55 
Freight, Chicago to Chatham .......... 64 00 
Freight, Chatham to Lansing ........... 92 68 
Wabomat Chatnam a1. ssc aca nc: eo toetess te cues 15 00 
Pasture-at- Chatham..c.s%. sos... a - 104 00 
eedHat Chatham. sec. ace eee ars «> 21 3 
Feed at College: 

PSSy ea Se ae Nec el ee $206 44 
RA oka nina, or oO ay trawler 71 64 
GR ANINES  oeeooe sca epee es 97 28 
Feed and straw for ship- 

POU SS oases. sicak ces nee ores 10 00 


J $385 36 
id ae aan $2,320 90 
Receipts for 22 steers, Bishop, Bullen & 


Holmes> Detroit Mich, .. Ss. ose one ots $2,034 31 
Receipts for 2 steers, slaughtered at 
COLO NCTC See ae eine omer in eran elements et Toe 163 28 
Receipts for 1 steer, slaughtered at 
WHat ani sare seecckoa see Se S- abate alate cons 84 02 
Receipts for 1 steer, Wm. Robarge, Forest 
AC ans Sete days aie atens (oeieaan, ee oe ee 75 25 
$2,356 86 
POW Gewese gus dara d Saco east. 4 wa ne Ae $35 96 


This carload of steers was in healthy condition when purchased, yet 
quite thin. This worked to our advantage, as there was plenty of room 
for putting on flesh. The pasture that they grazed on had luxuriant 
growth and was very good. J 

It will be seen from the statement that our net profit was only $35.96, 
but, that $104.00 was charged against the steers for pasture. Had not the 
steers been purchased this pasture would have been wasted, except that 
which would have returned to the soil in the form of fertilizer. So, in 
fact the Station was paid clear of all expenses $139.96. 

A very large percentage of the profit was eaten up, so to speak, in 
transportation and shrinkage. The freight from Chicago here was 
$64.00 and from here to Lansing $92.28 or a total of $156.68. The average 
weight of these steers at Chicago, June 15th was 759 pounds; at Chatham 
a few days later, 694 pounds, and at time of loading for shipment to 
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Lansing the following October was 908 pounds. It would have been 
much better if these cattle could have been purchased and put on grass 
at least four or five weeks earlier. As it was, however, the gains on 
grass were excellent. 


SHEEP. 


The Station had 268 head of sheep including lambs July 1, 1917. Out 
of this number 4 were sold, 10 were killed by dogs, 5 died and 11 were 
unaccounted for. This left 238 head which were taken into winter 
quarters November 22, 1917. They were in excellent condition being 
grazed about three weeks in a field where oats, barley and rutabagas 
had been harvested. 


CAR LOAD OF BEET CATTLE ON PASTURE, 1917 


Breeding Season: 

Immediately after bringing the ewes into winter quarters, rams were 
placed with them to take advantage of their flush condition. The first 
forty of these grade ewes to drop lambs gave birth to 63 lambs, an in- 
crease of 157 VY, %., The remaining 101 ewes gave birth to 118 lambs, 
an increase of 116.8%. It is thought that the decrease in the percentage 
of lambs is due to the ewes being bred after they had been fed on clover 
hay which lowered their flush condition. 

It is claimed that ewes, if bred while flushed will drop more twins. 
Our experiment this year bears out this statement. 


Management of Rams: 

The rams were placed with the ewes from 8:00 to 10 00 in the morn- 
ing. They were then moved to pens by themselves and fed liberally. 
At 4:00 p. m. they were put back with the ewes and left until about 
6:00 p. m., when they were again put by themselves and fed: It has 
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been found that by handling rams in this manner, the last lambs dropped 
are just as strong and vigorous as the first. Four rams were used. 
Winter Rations: 

The winter ration given most of the ewes consisted of hay. Part of it 
was a very poor quality of mixed hay and part of it was of a very good 
grade of alsike. Most of the ewes came through the winter in good shape 
on this feed. Whenever one of them showed a tendency to become emaci- 
ated, she was separated from the rest of the flock and grained. All 
of the ewes were fed 14-pound each daily grain mixture of barley, oats 
and bran in equal parts, beginning 3 weeks previous to lambing. This 
allowance was increased to 14-pound each after lambing. 


ta 
2a 


SHEEP BARN 


There were no losses in this flock from the time they were taken into 
shed November 22, 1917, until the second day of April, 1918. Since then 
the deaths number: 5 ewes, 2 wethers, 2 yearling ewe lambs, and 5 
lambs. One ewe and 2 lambs were killed by. dogs: 1 lamb by an auto- 
mobile, 2 ewes were too weak to give birth to their lambs; and 2 died 
from eversion of the uterus. Cause of the death of the others not 
known. 


Ration Experiments: 

Forty-eight lambs were divided into lots of six each. 
Lot 1 was fed on oat and pea hay and roots for 60 days. 
Lot 2 was fed on clover and grain for 100 days. 
Lot 3 was fed on clover and grain and roots for 100 days. 
Lot 4 was fed on oat and pea hay for 60 days. 
Lot 5 was fed on clover and corn for 100 days. 
Lot 6 was fed on clover and barley for 100 days. 
Lot 7 was fed on clover and corn and roots for 100 days. 
Lot 8 was fed on clover and barley and roots for 100 days. 
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The purpose of carrying on this experiment is to find out which com- 
bination is of the greatest economic value in the production of growth 
of animals and yield of wool. As the experiment has been in operation 
only one year, the data compiled is not sufficient for the drawing of any 
conclusions. 


Lambing Season: 

Throughout the lambing period extra good care was given to the 
flock. Prompt attention was given to all new born lambs, and in every 
case the mother ewe and lamb or lambs were moved from the rest of 
the flock, and put into pens by themselves for a period of two or three 
days. Here they became acquainted with each other and very little 
trouble was experienced after turning them out. 


PART OF FLOCK AT WINTER QUARTERS 


RECORD OF LAMBING SEASON, SPRING OF 1918. 


Kind of Sheep. No. of Ewes. -No. of Lar . saths. 
Grade Western. cc. + 3 cee, ‘ 21 : 158 ae oe 
Hampshivres 2 site cc ee 12 15 2 
RamboGuillet s-se  et 8 8 - 

RO bal Seca ete ae ee oe All: 181 jug 


Percentage of living lambs—116.3. 


Pasture: 

The flock was turned out on pasture on April 20th and very little 
bad weather followed this date. The pasture has been very good and 
the sheep are in excellent physical condition. 


Distribution of Rams: 
Four pure bred Hampshire rams were sent out from this Station for 


breeding purposes at very reasonable prices. One was furnished a Boys’ 
Club free of charge. 
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FINANCIAL STATEMENT, 


Investment: 
Valuationof flock July 1, 1917) ..2. 7... $1,719 00 
Valuation of building .......... eo AR en 2,400 00 
Land pastured (60 acres estimated) ..... 1,500 00 
—— $5,619 00 
Costs: ; 
Hay 58.53 tons, average value $25.77..... $1,508 64 
MInceHaneOunc ss2 sn fs caso eee. Ue Sets 18 35 
SES HEAPS ACS pe MET Se Re etek eae pe nee eee 2 45 
Labor, 4 hours daily for 150 days @ 25c.. 150 00 
Labor, 160 hours for shearing @ 25c..... 40 00 
Lambing season, 12 hours daily for 18 — 
days @ 256-8 222. SR ee eee 54 00 
Summer care, 105 hours @ 25c ......... 26 65 
ERM as rceetepe Eo rs das oe a ete > 273 46 
$2,073 15 
Interest on investment $5.619.00 @ 6%.. $337 14 
Diep OSE Sky Ane SS yg es a ee A $2,410 29 
Receipts: 
Wool 1,498.5 pounds @ 65e per pound... $974 02 
SEPECUMIES SOM Sah ate, 5 c= wae Worle a aS 5 wl 90 30 
Creare-on feed. not. used.) . esse. 78 79 
WE rei oe MER TICCEN ot furor o's scsi. 5. 2. 2G oo ae aets See 3 25 
Manure value (estimated at 14) 225 tons. - 450 00 
~ 5 $1,596 36 
Present valuation of flock: 
Breeding ewes, 141 @ $7.00 ............. S98T 00 
Yearling ewes, 56 @ $7.00 .............. 392 00 
Wethers,34 a) ST.00-7i2 5 oo ee 238 00 
Cull ewes, 9: Gy sc.00%, vo. eee Sts 90 63 00 
SIS) (Q) erent Ooo OY Mion ea eek oe 75 00 
hambs, 264°) $6.0 oe late fiecncs Soe 984 00 
—_— $2,739 00 
Valuation‘of flock July 1, 1917 22. s2s..26.. $1,719 00 
increased valuation’ +20) 50 2.6 anes «oe 1,020 00 
Receipts plus increased valuation: 
CEC Mastrs 2507 ot ios it ware eke 1,596 36 
Pnereanedevatiaanone | 2s. sk soot eke 1,020 00 
a $2,616 36 
Total Costs: 
Peed, care, Wterest< etes Ai o> sotto c: . 2 2,410 29 
Net prone’? Sa etemerees hears $206 07 


While the above statement shows a small profit. of $206.07, it must 
he borne in the reader’s mind that the present inflated prices are not 
credited to the sheep. Also that those prices are charged against them 
in feed stuffs. If the flock had been credited with its present valuation 
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the net profit would have been very near $2,000.00, even if the flock had 
been valued at $2,731.00 last year. The above statement looks very 
encouraging from the fact that a small profit was made when valuing 
the ewes at only $7.00 each. Today they are selling for about three 
times that amount. The gain of $206.07 is over and above the charge 
of 6% on the investment. Or, the receipts of $206.07 plus $5387.14 gives 
us a return of $543.21 on the investment, when valuing the ewes at $7.00 
and the lambs at only $6.00 each. 

Yearling wethers are selling for about double the amount estimated, 
and lambs such as we have are worth from $8.00 to $10.00 each. 

The cost of labor fer carrying on experiments was included in the 
above. This item alone doubled the time and cost required for caring 
for the flock under ordinary methods. 


PIGGERY 
SWINE. 
Investment: 
A bTOOMISOWS pL. BLOT enc eee cetera cue ose $162 50 
H Fel OSE gece cand oer A a rhe Sg tet Ch Re 50 00 
Builditiets cou tei ree ret ee Soe e, 1,000 00 
: a $1,212 50 
Present Valuation: 
3 -SOWS (@-an0 00 seen s Stecer ot eta $150 00 
10 pigs @ $1500: 2.5: BIE a oe vena eats 150 00 
1boar.@) S600 Orr asses a cpcts este eit ste 60 00 


a 360 00 
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Cost: 
Labor, 1 hour per day @ 25c ........-. a3 $91 25 
Skim milk, 5 gallons per day @4dc...... 73 00 
(OE Tai ee, oh enact ee PI SA cae 45 28 
(Dae Sere be ater gr Ee seus ae pas ir er 119 60 
MENG] LIMO Re ck ee an Sacto eaters sco) aoeata waaee's 64 25 
Trae Aiea ei aa Meo acuta es De ee ee 08 
(GAs ones RB one pees ero ra ieritcn caries 7 50 
Registration certificates ..............++ 8 00 
; —_———- $ 408 96 
Interest on investment 0:3. Ws4.0e ei ort $30 00 
BO EAE CORG oe tee Spaces a ete orcu sane ape ates 438 96 
Receipts: 
Sol stp DIGS Ferenc saiece. cere Sart eo actu elope es $120 40 
Credit on feed remaining .......:...... 74 65 
‘Pmereased: valuation os is. sates ete: 147 50 
Manure; 18° tons; @ $l.26-28) ks sk oes 22, 68 
——_——_—_— $ 365 23 
EMSS S535 Foal ee ee CS ee 6 WG: 


#¢ 


The loss occurring in the swine department is due to the death of four 
head. They would have added about $150.00 to the receipts had they 
lived. Their death is thought to have been caused by being too closely 
confined on a cement floor in winter. Rheumatic symptoms developed 
in their legs and they were helpless. The writer believes that if the 
above hogs had lived the receipts and expenses would have been about 
the same. 

A charge of only $30.00 interest was allowed on the investment be- 
cause of only a small part of the building being used by the hogs. 

Three boar pigs and two young sows were sent out from the Station 
for breeding purposes. 

Because of the climatic conditions at the Chatham Station, which 
being unfavorable to the growing of corn, and because of the very high 
cost of feed, plus the freight charges, and labor and retail man’s profit 
there has not been much stress used in pushing and developing of the 
swine industry. No doubt that much of this unfavorable condition can 
be. eliminated, when the country becomes more settled and when the 
farmers raise more barley as a substitute for corn feed, and when ad- 
vantage is taken of suitably fenced pastures during the summer season. 


POULTRY. 


A little over one year ago all of the poultry on the place was sold 
and replaced by new strains of Barred Rocks and White Leghorns. 
The results obtained from the Barred Rocks are very good as the following 
table will illustrate. 
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Winter Egg Production: 
Nov. 1st, to March 15th, inclusive, or 135 days: 


Total No. Eggs per Per- 

of Eggs. hen. centage. 

Barred Rocks............ CH 70.45 52.19 

White Devhorns tic. ce 286 26 19.26 
> 


From this table it will be seen that the strain of Barred Rocks laid 
more than an egg every other day through the cold part of the winter. 
The winter was a very severe one, too. Many days in January and 
February the official thermometer registered several degrees below 
zero. The table also shows that the Barred Rocks averaged 2.7 times 
more eggs than the White Leghorns. 


END VIEW OF POULTRY HOUSE 


There were 11 hens of each breed. They were permitted to run together, 
in order that there would be no difference in environmental and feeding 
conditions. 

It is thought that the cold winter conditions work more against the 
White Leghorns than the Barred Rocks because of their smaller size. 
The average egg production for the months of May and June, also indi- 
cate this to be true. The average egg production for the Barred Rocks 
for the month of May was 17 2/7 eggs each, for June 121/3 eggs each. 
The average production for the White Leghorns in May was 17.2 eggs 
each, and in June 16.9 eggs each. The average production was about 
the same for both breeds in May. In June, the average production was 
in favor of the White Leghorns by 4.57 eggs for each hen. 
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The hens were fed the following rations for winter and summer egg 
produetion : 


Mash Onlemealas. a5 25.1 bs. 
Cormameal =... 30 Ibs. 
Wheat-bran >... 30 Ibs. 
Wheat shorts a. SOCLDS: 
RatliGes atmo oe soe esl 

Scratch feed. <Corn.-.4 2.4... 4 Ibs. 
WhHeates. 20ers 2 Ibs. For winter 
GALS: soe tee Libs 
Cornea Palb, 
Wheat. 354 oe 2 lbs. For summer 
WatSOA aes eee 4 lbs. 
Yu's cro epee are eee 4 Ibs. 
Wheat. een 2s 2 lbs. For spring and fall 
Qaitisee an. se 2 Ibs. 


The mash was kept dry in clean hoppers and the hens had free access 
to it at all times. By handling it in this manner they never ate too 
much. A mixture of scratch feed was fed to them twice a day. The 
amount given varied with the appetite of the hens. Usually they were 
fed one pint to each ten hens in the morning and a quart to the same 
number in the afternoon. The grain was thrown into the straw in winter 
and into the grass in summer, which rendered it necessary for the hens 
to work for their feed. Fresh water was provided in clean vessels. 
Oyster shell grit was placed ready for the hens at all times. 

Skim milk was fed daily in a clean vessel as a substitute for meat. 
Rutabagas were fed daily as a substitute for green feed. Barley was 
fed in the place of corn many times. It was a good substitute. 


FINANCIAL STATEMENT. 


Investment: 
Herida PECOUIROGLS © eres howe Somat ated ite 524 00 
lea VVtbe Le SHOTNS 43 are Peres comets. ee be ad 24 00 
i -Barredsinock IOOStCists ~Gawia yess cia les 4 00 
‘Burlding and equipment nts... dewasecip ia e s Pa 325 00 
if me aden at 
Present valuation: 
oP arred shOGkN erste, Pais vio sos bk ae $24 00 
i Barred@ Rock, roosters... . tsete 8 ke 4 00 
oAWhite emhOrnn 3s Piet s.r: 18 00 
—--—-— 46 00 
Costs: : 
Heed tits is. iene See, ee Git einge i eee $27 65 
Labor 14 hour per day, or 9114 hours @ 25c. 22 81 
Enterest- on: investment... >. s. cote. ek 12 87 
Depreciation in flock 3 @ $2.00 ............ 6 00 


$ 69 33 
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Receipts: 
Hees”, 2) ae ee eae eee eens S77 47 
Chickens ‘soldiegies. sas. 6 ie aes 6 37 
a 83 84 
Total Teceipts:-cikeie ne ee ee eee $83 84 
Total “COstSesresirs «Cetera eee 69 33 
PONY Sct ke fot Oe eo eS ee $14 51 


Twenty-seven dozen of Barred Rock eggs were sent into various coun- 
ties in the Upper Peninsula for setting purposes. These were supplied 
both to Poultry Clubs and individuals at the rate of 50c per dozen. 
The object of sending them out at such a reasonable price was to get 


SEEDED AMONG STUMPS FIVE YEARS AGO—NO BRUSH—STUMPS DECAYED— 
CLEARING INEXPENSIVE 


as large a number of people interested as possible in raising poultry 
of superior qualifications. Also to prove the fact that a small flock of 
good chickens rightly handled is a good economic investment on the 
farm. 


HORSES. 


On July 1, 1917, the Station owned eight head of horses. Three head 
were sold off in the fall. The other five kept, came through the year in 
very good condition. 


FINANCIAL STATEMENT OF THE COST OF KEEPING. 


Feed: 
| B51 crear Ca ee eat gt ar Ones ie. Rat ar Rg Ce $52 30 
Onts se te See so aes SS Re a eae SS ; 296 73 
COrne re vec cc eis Ce ee Rare 434 10 
Hay, 22 tons @ $20 ... Sth fo Salon nee eae eee 440 00 


Hay. 2 ener ae We sak ae eee 29 00 
oe BI 952 48 
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Other costs: 


Veterinary Charges: nes <6 tn cet eae ne $24 00 
SHON Ee aa othe ciate a aise whe se ola ets 43 00 
Bed igre Frasca me ae crc eco dine Geicta ele 40 50 
ICES UChr Ce ies Aa ai eto a eR 4 50 
iMisce WlanCOUS sacs <oo e a e 10 68 
oe 122 68 
Total cost not including labor ....... $1,374 81 
Receipts: 
De MOESESE SOU Soars eee cca Wie Sota tot tos pinto w ate £550 00 
IP ColttSoldsils SprinGet = =... ere betes Selec tw ae 125 00 
—__——- $675 00 
Credit on remaining feeds: 
ERPS INL ONIN e Secdahe cet oa eterna oar kre: eres $ 40 00 
CERAM re ee 5 or ie aide © bigha mints ese ee 250 00 
ES EMOLAMN cee at ote Aa ahaa ee Sip ube. ww SS pase ole os “e 25. Tt 
Wiseehliinentice aes shat. soe aca ies cere ee 8 20 
——-—_— 323 91 
Mey GBR ROSE coun ae oS cre ete wslaeth hea aoe Os $1,050 90 


LAND CLEARING. 


Land ‘clearing has been going on quite rapidly on the Station farm. 
In the summer and fall of 1916, 235 acres were cleared of second growth 
and slashings. In doing this work a strip about 20 to 30 rods wide 
was cleared around the entire piece, and burned at favorable times, 
to help keep the fire under control. After this strip was entirely cleared, 
men were put to setting fires over the entire inclosed tract, at such 
times when it was very dry and the wind strong. Fire did much of 
the clearing and reduced the labor cost fully one-half. It cost $946.68 
to clear the entire tract of slashings and second growth, or an average 
cost of $4.02 per acre. 


SEEDING. 


This tract was seeded in May, 1917, with the following mixture and 
with the following proportions respectively: Alfalfa 2 pounds, Mammoth 
Clover 2 pounds, June Clover 2 pounds, Timothy 4 pounds, at the rate of 
10 pounds per acre. It cost $439.00 to seed this entire tract, or $1.87 
per acre. The seed was scattered broadcast among the stumps with an 
ordinary hand seeder. The soil was not prepared in any way, nor was 
the seed harrowed in. It was just thrown on and washed into the soil 
by the rain. The seeding that developed was fairly good. After one 
year of reseeding, it will furnish excellent pasture and hay. 

All of the different seeds are well represented. It is planned to pas- 
ture this new seeding for a period of four or five years before plowing. 
At the end of this time, all of the small brush will have been killed and 
the stumps mostly rotted, which will again reduce the cost of clearing 
of stumps to a minimum. 
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An area of over 40 acres was cleared of stumps this spring. This 
tract had been pastured by sheep and cattle for a period of five years. 
The green brush was entirely killed out. The roots and trunks of all 
of the stumps were well rotted. Five acres of this tract was measured 
off and cleared separately for the purpose of asceriaining the exact cost 


BEFORE GRAZING AND BROWSING BY SHEEP 


of removing the stumps. Following is an accurate account of same 
including cost of plowing per acre. 


Dynamite, 124 lbs. at $18.75 cwt. .....-... $23 29 
Hise; 7305.) MOG: CW tee ae ett eae ciel oat Cheetos 2 58 
Case 253 (ples Cw sri. ah) > tates eadeiea 2000 369 
Man. hours 110 35:@ 256 ve. one os oe 27 62 
Mead, WOUWES 30). 2DC 5 teeta en epee cies 8 25 
Total cost of removing stumps ............ 505 43 
AVerase COSt Per ACE ein. ses cee 13 08 
Average cost of first plowing per acre, 
one team and one man 12 hours ........ 6 00 
Total ‘costiper*acres. teeter ese aes FLO 08 
Cost of clearing of second growth per acre. 4 02 
Cost Of seeding peracre..). fens se ase d kaos 
Total cost-of ‘alispersaere ones cee S24 97 


This data shows that, even under these conditions, it will cost ap- 
proximately $25.00 per acre to clear cut-over land of hardwood stumps, 
brush and slashings. It is impossible to say definitely how much it 
would cost to clear land of slashings and green stumps immediately 
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AFTER GRAZING AND BROWSING 


STATION SHEEP ON CUT OVER LAND 
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after the timber has been removed. As near as I can estimate the cost, 
as taken from the words of small farmers and settlers, it would be be- 
tween $75.00 and $150.00 per acre. 

A summary of my arguments for the land clearing policy pursued on. 
the Station are: First, after spending the small sum of $4.02 per acre on 
cut-over land and $1.87 per acre for seed, we had it in shape to raise its 
first good crop—pasture. Second, this crop of pasture would support 
from two to three sheep per acre one year from date of seeding and about 
4 to 6 thereafter. Third, that, while being pastured by livestock, the soil 
fertility is improving and the green sprouts are being killed, causing 
the stumps to rot. Fourth, that while sheep are helping to clear and im- 
prove the land, they are, at the same time, turning money over to the 
owner which will help support him and clear the land of its remaining 
stumps at the least possible cost. 


Note——This applies only to hardwood. Softwood stumps will not 
decay so quickly. 


SOME GENERAL INFORMATION ON LIME AND ITS USES AND 
FUNCTIONS IN SOILS. 


Special Bulletin No. 91 


M. M. MCCOOL AND C. E. MILLAR. 


Introduction. 


Lime was used more than three thousand years ago in parts of Europe 
to improve soils. In some of our eastern states liming has been practiced 
since the earlier stages of the agricultural development and its use has 
gradually spread until it is added to the soil to a greater or less extent 
as far westward as the regions of lighter precipitation. Moreover, its 
need is quite generally recognized in several of the older settled regions 
west of the Cascade Mountains. In reality all lands in the humid regions 
will sooner or later become deficient in lime since it is constantly removed 
from the soil by water that passes through it, and by crops taken away. 

The amount of lime applied to the soil in Michigan is steadily increas- 
ing from year to year. Although our laboratory and field investigators 
have not progressed far enough to make possible accurate statements 
concerning the deficiency of lime in Michigan soils, it is conservative to 
estimate that the majority of them are in need of it, especially the older 
fields. Moreover, these studies show that this condition is not con- 
fined to any particular class of soil such as sands, loams and clays and 
mucks, but is more or less common to all, yet the fact should not be 
overlooked that caleareous formations or those high in lime occur in 
all classes of soil. 

~The lime requirement for maximum returns on the investment varies 

greatly. Many fields require only small quantities in order to obtain 
satisfactory results from clover and alfalfa, while medium to very large 
amounts must be applied to others to establish these crops and produce 
suitable yields of many others. 


FUNCTIONS OF LIME. 


The benefits derived from applications of lime are the results of 
changes induced in the soil that make them more suitable for piant 
growth. Some of the functions that lime performs are very general 
in their occurrence, while others are more specific, being confined to 
. a limited number of soils. Inasmuch as several or all of the effects 
of liming may be operative at the same time it is indeed complex, and 
therefore variable results from its use are to be expected. The various 
functions that lime may perform in the soil may be conveniently grouped 
as follows: 


1. Modification of soil structure or tilth. 
2. Neutralization of acids and other injurious substances, 
3. Meeting the silicate requirements. 
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Effect upon the availability of minerals. 
Increase the rate of decay of vegetable matter. 
6. Increase the efficiency of fertilizers and manures. 
7. Supply needed lime to plants. 


Improvement of the Physical Condition of the Soil. It was formerly 
assumed that the chief reason for adding lime to the soil was to improve 
its physical condition or tilth due to its granulating effect upon the 
fine particles. It is recognized that heavy, compacted soils may be some- 
what improved in this respect by liming, but this action is less general in 
occurrence and also less important than others. 


Neutralization of Acids and Other Substances Injurious to Plants. 
Some poorly drained soils as well as some that contain very large 
quantities of vegetable matter such as peats and mucks carry acids in 
their soil moisture. These may be injurious to plants, the extent of 
the inhibitive effect depending upon the amount present. Although 
adequate drainage may improve many such soils liming is effective 
inasmuch as lime neutralizes these acids. Moreover, other injurious 
substances which occur in some soils may be counteracted by adequate 
applications of lime. 


Meeting the Silicate Requirements. One of the chief effects to be 
gained from liming the majority of mineral soils is to supply the silicates 
with lime. It is known that the loss of lime from the soil leaves the 
silicate compounds, which compose the major portion of the mineral 
constituents of the soil, deficient in lime. This condition is detrimental 
to plants and is popularly spoken of as soil acidity or sourness of soils. 


Effect Upon the Availability of Minerals. WLime may increase the 
availability of mineral plant food in some soils. This action of lime 
has long been held to be a very general and also a very important one, 
special emphasis having been placed upon the liberation of phosphorus 
and potash to the plants, but recent investigations indicate that undue 
emphasis has been placed upon this action, it being negligible with 
some soils. ; 


Increase the Rate of Decay of Vegetable Matter. It is well, known 
that the presence of sufficient amounts of lime in the soil results in a 
more rapid decay of vegetable matter as evidenced by the dark green 
color of various crops growing on limed land as well as the slightly 
delayed maturity in some cases. Moreover, the amount of nitrogen in 
the roots, tops and seeds of crops may be increased by the addition of 
lime to the soil. Such changes in the composition of the crops of course 
show that the available nitrogen in the soil is increased by lime and 
involve the soil bacteria. It is obvious that the free use of lime on the 
soil without suitable crop rotation and constant renewal of the vegetable 
matter content by means of stable manure, crop residues, and catch 
crops will result disastrously. On the other hand, if these precautions are 
taken the lime will be instrumental in maintaining the vegetable content 
due to the increased crop production. In some soils, more frequently 
in muck than others, the root development of crops is retarded, being 
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confined to the surface layers of soil until lime is added and worked 
deeply into the soil. Futhermore, the presence of lime in the soil is 
favorable for the development of bacteria that enter the roots of legumin- 
ous crops resulting in the fixation in the plants of nitrogen from the soil 
atmosphere. Organisms that are able in the absence of legumes, to remove 
nitrogen from the air and make it available to plants are likewise bene- 
fited by lime. It is probable that the amount of nitrogen so made ayvail- 
able is small, yet it seems to be worthy of consideration. 


Lime Increases the Efficiency of Fertilizers and Manures. Experience 
teaches that maximum returns from commercial fertilizers, stable and 
green manures are not obtained when there exists one or more adverse 
conditions such as poor drainage, deficiency of water in the soil, poor 
tilth, or lack of lime. It is unquestionably true that applications of lime 
to many of our soils long under cultivation as well as some of the 
newer ones should precede that of fertilizers. If this were done a more 
economical use of stable and green manures would result. 


Fig. 1—Left. Manure and Limestone, Yield 6.460 Pounds Per Acre: Right. Manure Alone, 
Yield 3.740 Pounds Per Acre.—Purdue University, Agricultural Experiment Station. 


Some soils do not contain sufficient lime to meet the needs of the crops 
grown. There is an appreciable amount of evidence, contrary to past 
assumptions, that the use of lime on some soils results beneficially he- 
cause it is needed in plant nutrition, especially is this the ease with 
such crops as clover or alfalfa, or those that remove large quantities 
from the soil. 


FORMS OF LIME. 


Lime is placed on the market in three forms, namely, the oxide, the 
hydrate and the carbonate. 
These different forms are often given a variety of names. The oxide 
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is known as quick lime, burnt lime, stone lime, caustic lime, lump lime, 
unslaked lime and building lime. The hydrated lime also is called slaked 
lime. The carbonate is the form of lime found in ground limestone and 
marl and also occurs in air slaked lime. 

The term “agricultural lime’ may be applied to any of the above 
forms and refers to lime sold for agricultural purposes but unfortunately 
not necessarily to a product especially well adapted for application to 
the soil. 

When high grade limestone is burned in a kiin, 109 pounds of the 
dry stone gives off approximately 44 pounds of carbon dioxide gas, leav- 
ing about 56 pounds of lime oxide or quick lime. When 56 pounds of 
quick lime is moistened it takes up iS pounds of water and forms 74 
pounds of slaked lime or hydrated lime. It is evident then that 56 
pounds of quick lime, 74 pounds of hydrated lime and 109 pounds of 
limestone or lime carbonate have the same power to satisfy the needs 
of the soil. However, some of these forms are much more soluble than 
others and consequently react with the soil much more quickly and in 
consequence we do not use these materials in these proportions in the 
field. 

SOURCES OF LIME. 


Michigan is fortunate in possessing two inexhaustible sources of lime, 
her limestone deposits and marl beds. 


Limestone. At present there are in the State about forty-seven lime- 
stone quarries. The majority of these are located in the Upper Penin- 
sula and northern part of the lower peninsula. ‘There is a group of 
quarries in the extreme southeastern part of the State and an occasional 
quarry is found along the eastern coast and at other points throughout 
the commonwealth. 

These quarries produce stone for a great variety of purposes, only a 
small portion of their output being used in agriculture. Some of the 
quarries turn out only a coarsely ground rock containing small amounts 
of fine material, while others furnish a very finely ground high grade 
rock. The limestone from the Michigan quarries are quite variable in 
composition some containing 96 to 97 per cent of calcium carbonate 
with only a trace of magnesium carbonate, while others earry as much 
as 44 or 45 per cent of magnesium carbonate. 


Marl. There occur thoughout the State many beds of marl varying 
from low to very high grade. The lime is present in the marl as carbo- 
nate and hence supplies calcium to the soil in the same form as ground 
limestone. In addition to lime carbonate some marls contain varying 
amounts of magnesium carbonate, which also meets the “lime require- 
ment” of the soil. The value of marl then, depends on the amount of 
calcium and magnesium carbonates it contains. A marl carrying 90 
percent or more of these carbonates is considered to be of very high 
grade. 

Occurrence of Marl. Marl is frequently found underlying areas of muck 


and peat and also along the shores and in the beds of lakes. In some 
instances the marl is covered by a few inches of muck while in others 
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it lies beneath several feet of it. The thickness of the beds or deposits 
is also quite variable. The marl owes its existence to lime that was 
washed out of the surrounding soil and deposited in lakes and to the 
accumulation of shells of lower animals such as the mollusca. 

As it occurs in the beds, marl is generally a pasty mass varying in 
color from light to dark-gray depending upon the impurities present. 
Upon drying it becomes lighter in coior and is easily crumbled, or 
broken up. If a small amonnt is placed in half a tumbler of strong 
vinegar or weakened muriatie acid it will give oif bubbles of gas and 
go into solution. This is one method of identifying marl as well as 
roughly estimating its purity. Some deposits are tilled with small 
shells which aid in identifying this material. 
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Figure 2. An Easily Accessible Marl Bed. 


A more general utilization of Michigan’s marl deposits for agricultural purposes is desirable. 


Water Content and Weight of Marl. When marl is thrown out of the 
bed and allowed to drain the amount of moisture retained is quite 
variable and depends somewhat on the amount of impurities. In general 
the purer the marl the less water it will hold but sandy marls contain 
less water than clay marls. The following table shows the water con- 
tent, the weight of a cubic yard and the weight of lime carbonate con- 
tained in a cubie yard of several Michigan mar'!s. 
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Table 1.—waATER CONTENT AND WHIGHT OF MARL, 
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Sugar Factory Lime. Lime is used by sugar factories to clarify and 
purify the juice and since impurities cause trouble later in the process 
of refining a very high grade of lime is used. Milk of lime is added to 
the vats of juice and then carbon dioxide is run in to precipitate the 
lime as lime carbonate. This is later filtered out and discarded. This 
material contains a small amount of organic matter from the beet juice 
but otherwise is a very pure carbonate of lime and is admirable material 
for applying to the soil. It can generally be purchased at a low cost 
since it is simply a waste product. It very often contains water and 
hence it should be bought by the yard rather than by the ton since a 
cubic yard will contain about the same amount of lime carbonate whether 
the material is wet or dry. 


There is another form of lime which may occasionally be obtained 
from sugar factories. This is the cleanings from the kiln. Many of 
the factories prefer to burn their own lime and when the kilns are 
cleaned a quantity of impure burnt lime or stone lime is obtained. This 
material is variable in composition but is mestly quick lime when fresh; 
after standing a short time it contains a large amount of hydrated lime. 


Wood Ashes. In some localities wood asbes may be obtained in sufii- 
cient quantities to apply to the soil. Ordinarily wood ashes contain 
from 20 to 50 per cent of lime expressed as quick lime but they are 
usually applied to the soil as a source of potash. 


Lime from Acetone and Alkali Works. There are in the State various 
acetone and alkali works which turn out lime as a by-product. This 
material is usually of high grade, its chief drawback being a high-water 
content if exposed to the elements. When it can be obtained near at 
hand and at a low price it is sometimes more advisable to use such 
products than to buy the more expensive forms of lime. The cost of 
transportation and difficulty in distribution must be taken into con- 
sideration when figuring the cost. 


CHANGES LIME UNDERGOES WHEN ADDED TO THE SOIL. 


When the various forms of lime are added to the soil their composi- 
tion is altered, The change that is now considered to be most desirable 
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is the union of the lime and silicates to form calcium silicates or the 
correction of so-called soil acidity. When hydrated lime is added to the 
soil some of it goes to form air-slaked lime or the carbonate and some 
the calcium silicate. Now, the lime or magnesium carbonate thus formed 
or added to the soil as marl or ground limestone likewise passes to the 
silicates, 

It is now understood that the immediate efficiency of the various forms 
of lime is dependent upon the rate at which they pass over to the 
silicate. The hydrate is quite rapid and the carbonates are governed 
mainly by their mechanical state or the size of their particles as well 


Figure 3. The More Finely Ground Limestone Reacts More Quickly With the Soil. 


1. No Lime. 2. Lime requirement as 10-20 mesh limestone. 3. Lime requirement as 40-60 mesh 
limestone. 4. Lime requirement as 60-80 mesh limestone. 5. Lime requirement as marl. 


as the thoroughness of mixing with the soil mass. Particles of lime- 
stone approximating 1/100 of an inch in diameter or so-called 100 mesh 
lime are about as rapid in correcting soil acidity as the hydrate or 
2,000 pounds of it approximates 1,500 pounds of the hydrate in this re- 
spect, as exemplified by table IT. 


TABLE II.—EFFECT OF FORMS AND FINENESS OF LIME ON THE YIELDS OF RYE 
ON CASS COUNTY EXPERIMENTAL PLOTS. SANDY SOIL. 1918. 


Bushels per 


Treatment. acre. 
Hydrated lime and acid phosphate and nitrate of soda...............0..+. 21.60 
Marl-and acid phosphate and mitratesof Sodas. 25.0 ba2 sons ele es feb rdmeanes 18.40 
Limestone passing 80 mesh screen, and acid phosphate and nitrate of soda.... | 21.28 
Limestone, 40-60 mesh, and acid phosphate and nitrate of soda............ | 18.36 
Limestone, 10-20 mesh, and acid phosphate and nitrate of soda............ | 14.40 
ap RIVS [HACE M LENS El Ehoncs ie CORA ONOSO RCRA ORO PMCROICICUR ALD Pyne A CRORE IS Re ORC SOUR ieacotuc ce PHC 12.82 


Some limestone deposits contain calcium or lime carbonate, and also 
magnesium carbonate. If the amount of the latter is rather high they 
are popularly spoken of as magnesium limestones. ‘The larger particles 
of magnesium limestones are somewhat slower in their :ction than the 
non-magnesium limestones as illustrated by results reported by the 
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Pennsylvania Agricultural Experiment Station in Table III. In these 
studies equal quantities of a given soil were treated with the same 
amount of magnesian and non-magnesian limestones, the particles of 
which ranged in size from coarse to very fine. After a period of three 
years the comparative rate of change, or the efticiency of these in meet- 
ing the soil’s requirement was ascertained by chemical means. Accord- 
ing to these results if the particles are very fine the difference in the 
rate of transformation is negligible. 


TABLE III—COMPARATIVE RATE OF eae OF LIMESTONE IN THE 
IL. 


Per cent. of total carbonates not recovered after three years. 


Non-magnesium Magnesium 

Limestone. Limestone. 
100 Mesh SIMESEOM Csi re co cteree eee aece here eke rca nee detoree ae olel oye 92.4 91.2 
GOs MeSHalWMeESEOMe cise. sche, hale the sieney se cten oye ockewaiie ten epesyovoneme tails 81.5 72.2 
OO amMesh Limestone seo jc cieceecuses darerssstohetecere wus pereves eee airawesee vl 46.7 34.9 

Semesh Limestone ser eecnecresvietens este enete colin ete lsnodon ec eusactaiemamerls 14.9 2.970 


If the lime is not mixed with the soil mass, of course, its efficiency is 
somewhat impaired. Inasmuch as the individnal particles of marl are 
very minute its immediate effectiveness is governed largely by the condi- 
tion in which it goes into the soil. If lumpy, naturally larger quantities 
are required to bring about a given resu!t than if it is more or less 
disintegrated. As it usually goes on the land, about 215 to 3 cubic 
yards of 95% marl are required to equal 1,500 pounds of the hydrate 
and 2,000 pounds of the powdered limestone zespectively.. This ratio 
decreases the second year inasmuch as the lumps are broken down by 
freezing and changes in the water content. 


CROVS BENEFITED BY LIME. 


The response of our cultivated plants to lime is variable some being 
more tolerant of a deficiency in the soil than others. Reports on record 
show that some crops will thrive on a given soil without application 
of lime and others will not, while some svils are so low in lime that 
they are practically barren of plant growth. Thus, in discussing the 
response of different crops to lime it is essential that the condition of 
the soil with respect to this substance be considered. Some of the field 
crops that are known to respond to lime are as follows: 
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Legumes Non-legumes 

Alfalfa Corn Potatoes 
Sweet clover Oats Carrots 
Crimson clover Wheat Turnips 
Mammoth clover Barley Cucumbers 
June clover Rye Cantaloupes 
Alsike clover Timothy Pumpkin 
Soy beans Buckwheat Tobacco 
Cow peas Sorghum Cabbage 
Beans Beets 

Vetch 


Where soils are low in lime the following vegetables are known to re- 
spond to its use: Pepper, parsnips, salsify. squash, spinach, red beet, 
celery, cauliflower, lettuce, and onion. Many plants grown for their 
blossoms also respond to lime. 


SOME RESULTS FROM THE USE OF LIME. 


Lime may be utilized with ample margin of profit on so-called sour 
soils. Experiment station workers in many states by means of well- 
planned and carefully conducted field trials have shown conclusively 
that the use of lime on such soils is sound practice. For example, 
Thorne and co-workers of the Ohio ‘Agricultural Experiment Station 
have made many valuable contributions to our knowledge of the lime 
relationships of soils and crops. 

Wiancko and others, of the Indiana Agricultural Experiment Station 
report that three-fourths of the soils in the State are in need of lime. 
Where ground limestone has been used on the experimental farms it 
has returned safe margins of profit. 

The results of Illinois experiments, on soils deficient’in lime, con- 
ducted by Hopkins and associates, show very strikingly that many soil 
must be liberally treated with lime before they can be permanently im- 
proved. Hopkins, (1912) in commenting upon the results of some 145 
tests in six counties, states that the value of the increase has been about 
four times the cost of the regular application of two tons of limestone 
per acre every four years. 

Whitson and associates of the University of Wisconsin, by means of 
many field experiments as well as laboratory investigations report that 
soils deficient in lime are quite common in Wisconsin und strongly 
recommend its use on such for their improvement. 

Several experiment stations more remote from Michigan have made 
contributions to this subject, notably, Delaware, Maryland, New Jersey, 
Rhode Island, Massachusetts, Pennsylvania, Tennessee and Missouri. 

Reports from several county agricultural agents and many farmers in 
different sections of Michigan, as well as results obtained from recently 
inaugurated field tests indicate that the use of lime on the majority 
of our soils is profitable. 

Liming where needed increases the efficiency of fertilizers and stable 
manure. Many are the reports to the effect that commercial forms of 
plant food are unsatisfactory without lime. Some of our recently 
inaugurated field tests also show that lime may greatly increase the 
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Figure 4a. Untreated Portion of Field. 
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Treated With Marl and Acid Phosphate. 


Figure 4b. Lime and fertilizer often make possible fine stands of clover. 


This Ingham county sandy soil has refused to grow profitable crops of clover for years, but 
when treated with marl and acid phosphate good catches are obtained. 
Compare with figure 4a. 
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value of other treatments, especially manure and phosphates when they 
are added singly or together to the soil. These results are in accord 
with those obtained from long continued trials in other states. 


Figure 5. Oats and Other Grain Crops are Benefited by Liming. 


On the left is seen the effect of treating a Van Buren county soil with manure and ground 
limestone. On the right, manure alone was-‘used, 


HOW TO DETERMINE IF A SOIL NEEDS LIM®. 


There is a general impression that a sample of soil may be taken into 
the laboratory and the exact amount of lime needed to correct its 
acidity determined. It is true that a number of methods have been 
outlined and extensively employed for this purpose and have doubtless 
yielded much valuable information. But as yet no method has been de- 
vised which enables one to determine how much lime it is most advan- 
tageous to use in the field. The results obtained for a given soil by 
different methods are quite variable and in consequence the lime require- 
ment of the soil will depend somewhat on the analytical method em- 
ployed. : 

There are, however, methods of determining whether or not a soil is 
in need of lime but which make no attempt to determine the exact amount 
that should be applied. 

Perhaps the simplest of these methods is the litmus paper test. To 
make this test the soil is moistened with rainwater, and made into a 
ball. This is broken open and a strip of blue litmus paper inserted into 
the opening and the soil pressed firmly together around the paper. In 
about five minutes the paper is removed and examined. If the color is 
pink the soil is considered to be in need of lime. In making this test 
great care must be exercised to obtain a good grade of litmus paper. 
That obtained from the drug store is often not sufficiently sensitive to 
give satisfactory results. The paper should not be handled when the 
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fingers are moist with perspiration as this will redden it. Only soft 
water should be used to moisten the soil. 

Treating the soil with muriatic acid and noting if bubbling occurs is 
recommended as a test for an excess of lime but not necessarily a de- 
ficiency of lime. No gas may be given off from a soil and yet the growth 
of crops on the soil may not be increased for several years by the use of 
lime. 

The nature of the growth of plants on a soil is a good indication of its 
need of lime. failure or poor growth of clover, alfalfa and sweet clover 
is very often due to lack of lime. A medium stand of these crops in 
many cases would have been much improved had lime been applied 
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Figure 6. Lime in the Soil is Essential to Good Stands of Sweet Clover and Alfalfa. 


If this Kent county farmer had covered his field with marl he would have had an abundance 
ot hay. 


while preparing the ground before the seeding. Some plants such as 
sorrel are able to grow in soils deficient in lime, and hence subsist where 
more sensitive ones fail. For this reason the presence of much sorrel 
is considered an indication of a sour soil. 

As pointed out on another page of this bulletin most farm crops are 
favored by the presence of an abundance of lime in the soils, the effect 
being especially noticeable on alfalfa and sweet clover. Consequently 
the most satisfactory method of determining the lime needs is to apply 
some form of lime in different amounts and carefully note the results ob- 
tained. If ground limestone is used the trial applications should vary 
in amount from one to three or four tons per acre. If the hydrate is 
employed strips of land should receive amounts ranging from one-fourth 
to one ton per acre, 


EXPERIMENT STATION BULLETINS. 505 


HOW TO APPLY LIME. 


Lime to be most effective must be thoroughly worked into the soll. 
A thorough incorporation with the soil mass results in the root system 
of the crops grown coming in contact with larger areas of limed soil. 
Powdered limestone, marl or hydrated lime should not be applied to wet 
soils, since the particles form small groups thus markedly slowing up 
their actions. Usually best results are obtained when lime is applied to 
the soil previous to forming the seed bed. 

Machines may be employed for spreading lime. One type is attached 
to the wagon which carries the lime while the other runs on its own 
wheels as a separate machine. The latter is in most favor because it 
can be operated by one man and with less horse-power than is required 
to draw the farmer and the loaded wagon. 


No Lime. Lime as Top-dressing in Lime Harrowed 
Spring After Seeding. in Before Seeding. 


Figure 7. Timothy—Though Incorporation of Lime With the Soil is Essential for Maximum 
Results. 


This type of machine may be purchased on the market or may be made 
by a blacksmith and carpenter. A complete description of the plans for 
making a spreader for ground limestone is presented in Illinois Agri- 
cultural Experiment Station Circular 110. 

Although ground limestone and hydrated lime may be distributed from 
the wagon or heaps in the field by means of a shovel, it is usually ad- 
visable to employ a machine since its use results in a more uniform 

distribution when somewhat smaller applications are required. 

If the caustic or stone lime is used it is generally advisable to place 
it in small heaps about the field and cover these with moist earth until 
slaked and then distributed by means of a shovel. If the lime is not 
too lumpy it may be distributed without this treatment. 

Marl may be applied to the soil with a shovel, a manure spreader or 
if dry and sufficiently pulverized with a lime spreader. In the use of 
the manure spreader precaution should be taken to prevent overloading. 
Some apply marl and manure to the soil at the same operation where 
the heap of marl is accessible, thus saving an appreciable amount of 
labor. 

Other methods of making more efficient use of labor may be employed. 
The limestone should be hauled at once thus releasing the car and 
avoiding demurrage. Arrangements should also be made to spread the 
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lime as it comes from the car thus saving the labor of a second handling. 
This can often be accomplished cooperatively, that is if neighbors order 
lime and assist each other in hauling and spreading it. 

Where the lime is hauled two miles or less two men, a driver and 
two teams with three wagons and one lime spreader can take 20 to 30 
tons from the car and spread it in two days. One man is kept in the 
car loading the lime into a wagon. The driver with one team hauls the 
loaded wagon to the field, leaves it, and takes an empty wagon back to 
the car and returns with another load. The other man remains in the 
field and spreads the lime. If the field is large the load may be hauled 
to the middle line of the field and the distributor filled at this point. 
Other labor saving plans that are suitable to local conditions doubtless 
can be worked out. 


Figure 8.—A Lime Spreader is the Most Rapid and Convenient Means of Distributing Lime 
Evenly. 


Dry lime should not become moist before its distribution. It is fre- 
quently impracticable to distribute lime when it is removed from the 
car thus necessitating its storage. Under such conditions it is advisable 
to cover it in some manner inasmuch as less labor is required to distri- 
bute it in the dry than in the wet condition, when it readily passes 
through the distributor and in addition the finer grades do not become 
lumpy. 

If bags of lime are stored or piled in the field much labor may be 
saved by properly arranging the bags in the Ireaps. If the bags are 
stacked so that a maximum number may be taken from a higher plane 
and placed upon an adjacent lower plane an appreciable amount of 
labor may be saved in handling. This may be accomplished by erecting 
one heap to a convenient height, the thickness being the length of a sack. 
Joints should be formed at the ends in order to hold the bags in place. 
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A second heap is built parallel and adjacent to the first and to the same 
height. Then boards may be placed thereon and additions made to the 
first until a convenient height is again reached. Usually about eight 
feet is the most practicable height to attain. In removing the bags the 
reverse order from stacking should be followed. 

Usually considerable time and labor is wasted when the lime is taken 
from the bag and placed in the lime spreader. A convenient scheme is to 
obtain a corn husking hook that can be fastened on the right hand; 
the bag is placed on the screen of the spreader on edge. By means of the 
hook an opening is made along the flat side and near the center, per- 
pendicular to this slit and again near the center of the flat side of the 
bag another opening is made. The lime may readily be removed by 
turning the split side of the bag downward upon the screen. 


Figure 9. Vetch Does Net Thrive on Many of the Light Soils Until They Have Been 
Limed. The Samples of Vetch Shown in This Figure Were Taken From Equal Areas of a Limed 
and Unlimed Sandy Soil. 


. WHEN TO APPLY LIME. 


Since legumes are on the whole more sensitive to a lack ‘of lime in 
the soil than other crops it is generally considered best to apply lime 
preceding these crops. When clover or alfalfa is to be seeded in wheat 
or rye the lime should be spread after plowing and worked into the soil 
when the seed bed is prepared. If the seeding is to be made with oats 
or barley the lime may be applied in the spring and worked into the 
soil. When alfalfa or sweet clover is seeded without a nurse crop the 
lime should be applied as soon as the ground is broken up so that it 
Inay become thoroughly worked into the soil by seeding time. 

When vetch is seeded with rye the lime should be spread immediately 
after plowing. In case the land is not plowed for any of the above 
crops but is prepared with a disk or spring-tooth harrow, the lime should 
be applied before the soil is worked. 
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Limestone or marl may be added immediately before seeding or to 
erowing crops without injury, but if caustic lime is used, it should be 
applied and incorporated with the soil at least ten days or two weeks 
before seeding, in order that its caustic properties may be dissipated 
before the seeds germinate, thus avoiding injury to the young plants. 

Alfalfa may be top-dressed with the carbonate carrying compounds 
and where the alfalfa renovator or spring-tooth harrow is used the 
lime may be mixed with the soil to some extent. As a rule if the land 
is limed previous to this crop it will endure as long as the alfalfa is 
permitted to occupy the land. Reports are on record which show that 
permanent meadows and pastures growing on soils deficient in lime may 
be profitably top-dressed with this substance. 

It is readily seen that one may apply lime under widely different 
conditions. Thus, there are opportunities for the consideration of this 
operation in relation to other farm work, condition of weather and the 
land. 

Lime must be applied repeatedly to the soil. It has been shown by 
determining the amount of lime carried by river water, well water, and 
drainage water from tile, and large containers. filled with soil and placed 
in the ground, that as a general rule much more of this substance is 
washed out of the soil than is removed by crops. Although the amount 
so lost has been: shown to vary rather widely it is probable that 300 
pounds per acre annually, closely approximates the losses under average 
conditions. At any rate it is now looked upon as being sound practice 
to lime the soil at least once in each four or five-year rotations. Further 
experience may show that small frequent applications of lime are most 
profitable on some soils. 


Lime and Manure. Under some conditions lime and manure may be 
applied to the soil at the same time. Where the lime is in the form of 
the carbonate, namely, as marl, ground limestone, air slaked, sugar 
factory lime or that obtained from the manufacture of acetone, it may 
be mixed with the manure in the heap or stable or applied to the soil 
avith it. In the light of our present knowledge the oxide and the 
hydrated lime should not come in contact with the manure and should 
precede its application to the soil ten days or two weeks. 


SUMMARY. 


Lime is needed by many soils to increase their crop-producing power. 
When applied to soils that are deficient in it lime may alter the struc- 
ture, neutralize acids and other injurious substances, satisfy the sili- 
cates, in some cases make available mineral plant food elements, in- 
crease the rate of decay of vegetable matter, make manures and fer- 
tilizers more efficient and supply lime needed in the formation of plant 
food. 

The principal forms of lime used in Michigan’s agriculture are ground 
limestone, hydrated lime and marl. 

There are two inexhaustible sources of lime in Michigan, the limestone 
deposits and marl beds. The utilization of many of the marl beds 


await the perfection of suitable mechanical apparatus for the removal 
of the marl. 
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The immediate efficiency of limestone depends in a large measure upon 
the fineness of the particles and thorough incorporation with the soil 
while that of marl depends upon its purity as well as thorough mixing 
with the soil. Hydrated lime usually acts quickly in the soil. On 
account of its greater solubility its incorporation with the soil mass is 
not-so essential, as it tends to move about in the soil with the soil 
moisture. Especially is this the case with sandy soils and with the 
larger applications. 

Although crops differ somewhat with respect to their lime require- 
ments, it has been conclusively proved that if the soil is deficient in 
lime the common crops with few exceptions, respond to its use. 

The margin of profit from normal applications of lime on so-called 
acid soils is safe, as has been demonstrated by many experiment station 
workers and farmers. 

The efficiency of stable manures and fertilizers is increased by ample 
quantities of lime in the soil, conversely, stable manure and fertilizers 
increase that of lime. 

The most economical or best amount of lime to apply to a given soil 
cannot be determined by laboratory methods, although its needs may 
be indicated by several. Field trials should always be conducted when 
one applies lime to the soil, this being nothing short of sound business 
methods. 

Lime should be applied to the soil in the rotation as near as prac- 
ticable to the crops that are most benefited by it especially if small 
applications are made. This coupled with the fact that thorough mixing 
with the soil is essential are the chief considerations in the application 
of lime to the soil. In some cases it is profitable to top dress alfalfa. 
Moreover, permanent meadows and pastures growing on soils deficient 
in lime may be top dressed to advantage. 


CONCLUSION, 


In view of the low lime content of many Michigan soils the losses 
entailed by leaching and by crops removed from the land and much 
evidence that its use is profitable, every farmer should satisfy himself 
by thorough field trials that his soil does or does not need this substance. 
There are many indications that lime, by establishing alfalfa and clover, 
as well as by its favorable effect on other crops is the most promising 
single substance the farmer has at his disposal for soil improvement. 

Although many facts have been established concerning the liming of 
soils it is unquestionably true that our knowledge of several phases is 
meagre, especially is this true of sandy and muck soils. The question 
as to the most economical fineness of grinding limestone is one that 
cannot be satisfactorily answered. Moreover, the forms, fineness and 
size of applications for different soil classes are worthy of serious con- 
sideration. 

Finally, lime should be looked upon as only one of the conditions 
involved in permanent systems of soil fertility. Since its presence in the 
soil results in a somewhat more rapid decay of vegetable matter 
precautions must be taken by means of crop rotation, turning under 
crop residues and manure to maintain this substance which is so vital to 
soil productivity. 


FEEDING VALUE OF SKIM MILK FOR SWINE 


Special Bulletin No, 92 


BY H. W. NORTON, JR. 


It is estimated that 1,669,836,000 pounds of skim milk and 288, 
548,000 pounds of buttermilk were produced in Michigan during the 
year 1917, as by-products of the butter industry. Large amounts of 
these by-products are consumed as human foods in one form or an- 
other but immense quantities are left to be disposed of in other ways, 
principally as feed for calves, pigs and’ poultry. The value of skim 
milk for feeding purposes will depend upon a number of factors, 
such as the varieties and proportions of other feeds used in combina- 
tion with it, condition of the milk when fed and the age of the animals 
consuming it, but with the high prices at which feeds are selling on 
the market at the present time, a much higher value can be placed 
upon skim milk than feeders have generally attributed to it. Con- 
siderable discussion is heard among farmers and dairymen on this 
subject and numerous inquiries have been sent in to the Experiment 
Station regarding the value of dairy by-products under present condi- 
tions. This circular gives a brief discussion of these problems and 
summarizes the results of experimental work along this line at sey- 
eral of the Experiment Stations, (Cornell, Indiana, Iowa, Michigan, 
Missouri, Nebraska, Ohio, Wisconsin, and Ontario.) 


COMPOSITION OF DAIRY BY-PRODUCTS. 
The following table from “Feeds and Feeding”, by Henry and 
Morrison, shows the nutrients contained in 100 pounds each of whole 
milk, skim milk, buttermilk, and whey. 


Dry 
matter in Digestible Nutrients in 100 Ibs. Nutritive 
100 lbs. ratio. 
Protein. Car bohy- Fat. 
. drates 
SESE = s 
WDOLO VIR Kr octane cae 13.6 Sipe! 4.9 | 4. 1:4.4 
Biking amills ese a 2 OO 3.6 5.1 0.2 1:1.5 
=e 

Buttermilk e 2s ae 9.4 3.4 4.9 0.1 1 he Es 
WO Vistscsters, ciare stonroen tars 6.6 0.8 4.7 0.3 1:6.8 


The table shows that skim milk differs from whole milk only in fat 
content and that it is a very highly nitrogenous feed, having a nutritive 
ratio of 1:1.5 while whole milk is 1:4.4._ As whole milk is the natural 
milk for calves and pigs, it is readily seen that the best results can be 
secured by feeding skim milk only when it is used in combination with 
other feeds such as corn, wheat, oats, rye or barley, which will furnish 
an abundance of carbohydrates and fat, so as to properly balance it. 
Corn, which is ordinarily our most abundant fattening food, has proven to 
give the best results of all grains which are commonly fed in conjunction 
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with skim milk to swine. The high protein and ash content of skim milk 
makes it especially valuable for the young animal for the development of 
bone and muscular tissue and on account of the rapidity and ease with 
which skim milk is digested it is particularly adapted to the very 
young animal whose digestive system is not capable of handling the 
majority of feeds. The fact that the dry matter of skim milk is practically 
100% digestible accounts largely for its remarkable feeding value when 
compared with grain feeds. While the latter contain a much higher per 
cent dry matter, more energy must be expended by the animal in digesting 
it and a considerable proportion is undigestible and wasted. 


CONDITION OF MILK. 


The best results are secured when care is taken to have the milk of 
uniform quality when fed. With young calves it is of utmost importance 
to have the milk fed at about body temperature as cold milk will surely 
derange the digestive functions and result in scours. Whenever possible 
it is best to use the milk direct from the separator and while still warm. 
Tf the milk is to be fed sour, it should not be too old as various bacterial 
organisms are present and may cause trouble. Whether sweet or sour a 
uniform quality will be most satisfactory. Experiments at this station 
in feeding sweet and sour skim milk to pigs, resulted in a favorable 
showing for the sweet milk, 100 pounds gain in live weight requiring 98 
pounds less milk and 15 pounds less grain, than when sour skim milk was 
fed. In these trials both lots were fed a grain mixture of equal parts 
corn meal and ground wheat in proportion of 7.5 pounds milk to one pound 
grain, the only difference being in the milk which was fed sweet to one lot 
and sour to the other. In other feeding trials there has been very little, 
if any, difference resulting from feeding sweet or sour skim milk and this 
point is generally considered a matter of minor importance. 


SKIM MILK FED ALONE, 


Very little data is available on this question but trials at this station 
would indicate that skim milk may be fed to pigs as the entire ration with 
satisfactory results. 15 pigs in two lots were fed for four weeks on sweet 
skim milk alone. One lot averaged 108 pounds each and the other lot 32 
pounds each at the beginning of the test. In these trials 2150 pounds 
skim milk produced 100 pounds gain, a very favorable showing for skim 
milk. 


SKIM MILK AS A SUPPLEMENT TO CEREAL GRAINS. 


For pig feeding, nothing combines with corn to give more satisfactory 
results than skim milk. This combination makes a most palatable ration 
for the pig, resulting as a rule in a heavier consumption of feed and 
more rapid gains than from any other ration. All of the cereal grains, 
such as wheat, rye, barley and particularly corn, are comparatively low 
in protein and will give better results when fed in combination with some 
nitrogenous feed, such as skim milk, than when fed alone or in conjunction 
‘with other rich carbohydrate feeds. With a view toward determining the 
value of skim milk as a supplement to corn and other cereal grains when 
fed to pigs, a large number of feeding trials from Experiment Stations 
throughout the country have been summarized as follows: 415 pigs, fed 
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cereal grains only (corn, wheat, rye and barley included), made an aver- 
age gain of 100 pounds from 486.5 pounds of grain. 325 pigs, fed cereal 
grains (corn, wheat, rye and barley included) supplemented by skim milk, 
made an average gain of 100 pounds from 266.9 pounds grain and 785.1 
pounds skim milk. 

By comparing these two lots of pigs, it will be seen that the use of 
785.1 pounds of skim milk resulted in a saving of 219.6 pounds of grain, or 
100 pounds skim milk replaced 28 pounds of grain. 

The following table shows the value of skim milk as a supplement to 
corn and the other cereal grains and is based on the figures derived from 
the EEE given above, which include 415 pigs fed on cereal grains 
alone and 325 pigs fed cere eal grains supplemented with skim milk. 


Value of Skim Milk as a supplement to Cereal Grains for Pigs. 


100 Ibs.” of skim milk 100 lbs. of skim milk 
When price of grain as a Supplement When price of grain as a Supplement 
per cwt. is | is worth per cwt. is is worth 
$1 00 $0 28 $2475 $0377 
Teed 35 3 00 84 
1 50 42 3 25 91 
1 75 | 49 3 50 98 
2 00 56 3:75 1 05 
2 25 63 4 00 112 
2 50 70 4 25 1 19 


This table shows that when cereal grains range in price from $50 to S80 
per ton, as has been the case during the winter of 1917-1918, skim milk 
ranges from 70 cents to $1.20 per cwt. in value as a supplementary feed. 


AGE AS A FACTOR. 


The value of skim milk as a supplement will vary considerably depend- 
ing upon the age of the animal fed. With young growing animals the pro- 
tein requirement is higher than with mature animals during the fattening 
period, and hence skim milk would have a higher value when fed in com- 
bination with grain to growing pigs than when fed to HEE TRS hogs. 

An examination of the data in connection with the 325 pigs mentioned 
above as fed on cereal grains and skim milk, shows that 200 of these pigs 
weighed less than 100 pounds each when the tests started and the re- 
maining 125 weighed 100 pounds each or more. Grouping them according 
to weight and comparing with pigs of similar weight fed cereal grains 
only, shows the following: 


Ess ; : Feed consumed per 100 pounds gain 
Total No. pigs Range in Grain saved per 100 
included. weights. pounds milk fed. 
Grain. Skim milk. 
162 30—100 468.9 5 
200 28-100 257 .0 750.4 28.2 
253 100—248 495.5 
125 100-231 284.1 845.2 24.9 
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Thus pigs under 100 pounds weight, when fed cereal grains alone, re- 
quired 468.9 pounds grain per 100 pounds of gain, while on a ration of 
skim milk and grain, 257 pounds of grain and 750.4 pounds of skim milk 
produced 100 pounds of gain. Therefore 750.4 pounds of skim milk replaced 
211.9 pounds grain, or 100 pounds skim milk replaced 28.2 pounds grain. 
With the older and heavier weight pigs, 100 pounds skim milk replaced 
24.9 pounds grain. Hence, in these comparisons, skim milk showed 15.2% 
greater value when used to supplement grain in the ration of the young 


growing pig than with the more mature and heavier weight hogs. 


PROPORTION OF MILK TO GRAIN. 


Another factor influencing the value of skim milk as a supplement to 
grain is the proportion of milk to grain in the ration used. It is gen- 
erally conceded that skim milk will give greatest returns as a supple- 
ment to cereal grains when not more than three pounds milk are fed per 
pound of grain. An examination of the above mentioned experiments 
on this point is interesting. All the feeding trials were divided into two 
groups, placing in one group all those in which the proportion of milk 
to grain in the ration was not more than three to one, and placing in 
the other group all those in which the ration consisted of more than three 
pounds milk to one pound of grain. 


Average pro- Feed consumed per 100 Ibs. gain. 


Total No. of portion of | z= : Grain saved per 100 
pigs included. skim milk | pounds milk fed. 
to grain. Cereal grains. Skim milk. 

415 | | 486.5 
186 ae Ibs. lb: 289.8 SIGLL 38 lbs. 
139 1.5.6 1bs.: 1 lb. 225.5 1271..2 20.5 lbs. 


The group which received the rations in which the proportion was not 
more than three pounds skim milk to one pound grain, averaging less 
than 2 to 1, showed a saving of 88 pounds grain per 100 pounds milk fed 
while those fed a larger proportion of milk to grain, averaging 5.6 pounds 
skim milk to one pound grain, showed a saving of only 20.5 pounds grain 
per 100 pounds milk consumed. Hence, in the first group, where less than 
two pounds of milk was fed per pound of grain consumed, skim milk 
showed 85.5% higher feeding value than in the second group when nearly 
six pounds of milk was fed per pound of grain consumed. This is a matter 
of considerable importance when the supply of skim milk is limited or 
must be purchased but would be of no practical significance when large 
quantities were available. 


COMPARATIVE VALUE OF SKIM MILK AND OTHER NITROGENOUS FEEDS. 


The above figures give the value of skim milk as a supplement to corn 
and other cereal grains and indicate that when this by-product of the 
dairy is available it can be combined to excellent advantage with the 
farm grown grains for pig feeding. When skim milk is not available, as 
on the farm where whole milk is sold for the retail trade or for condensing 
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purposes, it becomes necessary, if the best.results are to be secured to 
purchase it or some other protein feed to combine with the cereal grains 
for feeding pigs. Tankage, middlings and oil meal are the feeds most com- 
monly used in place of skim milk for feeding pigs and in order that a com- 
parison of these different supplements may be made, a large number of 
feeding trials from different Experiment Stations have been summarized 
in the following table. These tests included pigs of various weights and 
ages fed on cereal grains (including corn, wheat, rye and barley) with 
some one of the above mentioned nitrogenous supplements, and are 
grouped here accordingly. The last group, where soy beans were used 
as a supplement, represents only 29 pigs, so that these results would not 
be as reliable as in the other cases where data was available from a larger 
number of feeding trials. 


VALUE OF SKIM MILK AS COMPARED TO OTHER NITROGENOUS 
SUPPLEMENTS TO CEREAL GRAINS. 


Feed consumedfperf100 pounds”gain ; 
Number if § Grain 
of pigs . replaced by 
included. Cereal Skim Mid- Oil Soy bean | 100 lbs. of 
grain. milk. Tankage. lings. meal. ® meal. supple- 
ment. 
415 486.5 
325 266.9 TSO Loe 28.0 
By 379 .3 42.5 252.5 
130 283.3 191.2 105.2 
106 lid evad Sle 26157. 
29 308.3 68.1 300.0 


By comparing the first two lots in the table we find that 486.5 pounds 
grain was required to produce 100 pounds gain and that 266.9 pounds 
grain supplemented by 785.1 pounds skim milk produced 100 pounds gain. 
Therefore, 785.1 pounds skim milk replaced 219.6 pounds grain or 357.5 
pounds skim milk replaced 100 pounds grain. With the tankage fed lot, 
579.5 pounds grain supplemented by 42.5 pounds tankage produced 100 
pounds gain. 


Therefore 42.5 pounds tankage replaced 107.2 pounds grain 
or 39.6 pounds tankage replaced 100 pounds grain. 
In like manner 95 pounds middlings replaced 100 pounds grain 
38.2 pounds oil meal replaced 100 pounds grain 
35.0 pounds soy bean meal replaced 100 pounds grain 
Comparing these values with the replacement value of skim milk when 
used as a supplement to corn and other cereal grain, 
1 pound tankage is equivalent to 9 pounds skim milk 
1 pound middlings is equivalent to 3.7 pounds skim milk 
1 pound oil meal is equivalent to 9.3 pounds skim milk 
1 pound soy bean meal is equivalent to 10.7 pounds skim milk. 


The following table, based on these figures, shows the value of skim 
milk as compared to these other feeds as supplements to grain feeds. 
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COMPARATIVE VALUE OF SKIM MILK AND OTHER SUPPLEMENTS TO THE ‘ 
CEREAL GRAINS FOR PIG FEEDING. 


When 100 | 100 lbs. | When 100} 100 lbs. | When 100/ 100lbs. | When 100 | 100 Ibs. 

Ibs. tank- | skim milk | lbs. mid- | skim milk | Ibs. oil | skim milk | soy bean | skim milk 

age costs. | is worth. /dlings cost.) is worth. | meal costs.| is worth. | meal Costs.| is worth. 
$2 00 $0 22 $1 00 $0 27 $1 50 $0 16 $2 00 $0 19 
2 2 25 1 25 33 tio 19 2 25 21 
2 50 28 1 50 40 2 00 21 2 50 23 
2 75 31 1 75 AT 2 25 24 2 75 26 
3 00 33 2 00 HE 54 2 50 27 3 00 28 
3 25 36 oa 61 2416 29 3 25 30 
3 50 39 2 50 67 3 00 32 3 50 32 
3 75 42 2 75 74 2 75 34 3 75 35 
4 00 Ad 3 00 81 3 50 37 4 00 sf 
4 25 47 4 25 39 
4 50 50 4 50 41 
4 75 53 4 75 43 
5 00 56 5 00 46 


Reference to this table, which shows the relative values of the different 
nitrogenous supplements commonly used with farm grown grains, should 
enable the feeder to decide which of these feeds would be most profitable 
at prevailing prices at any time. Skim milk, tankage and middlings are 
very commonly used and are all very palatable to the pig in combination 
with grain feeds. Oil meal shows a very high value in comparison with the 
others but is less desirable as it is not so palatable and pigs do not 
eat it as readily. 


BUTTERMILK. 


Table I shows that buttermilk has practically the same composition as 
skim milk and feeding trials at several stations (Massachusetts, South 
Dakota, and North Carolina) where skim milk and buttermilk have been 
compared, showed very little difference in their feeding value. While 
buttermilk is produced in much smaller quantities than skim milk, still 
the 1917 production of buttermilk in Michigan is estimated at nearly 
120,000 tons, so that the feeding value represented is no small item. Un- 
like skim milk, the bulk of the buttermilk is produced at creameries and 
must be shipped or hauled back to the farm if used for feeding purposes. 
This necessitates extra expense for shipping and hauling and as a result 
large quantities of buttermilk are often thrown away entirely for lack of 
suitable means of disposal. 


- WHEY. 


Whey production in Michigan during 1917 is estimated at approxi- 
mately 34,000 tons. Whey is not a very satisfactory feed for calves, 
but for pig feeding purposes has about 50% the value of skim milk, 
according to extensive experiments at Wisconsin and Ontario. The 
analysis in Table I shows that whey differs in composition from skim 
milk and buttermilk principally i in protein, the latter having been removed 
in the form of casein in making the cheese. For this reason whey 
should be used in combination with other feeds which will supply the 
necessary protein. Whey should be fed up as promptly as possible as it 
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deteriorates rapidly, especially when held in storage tanks which are not 
often cleaned. 

The one great drawback to the use of any of these by-products from the 
creamery or cheese factory is the danger of spreading disease. Where 
the milk from a tuberculous herd is taken to a creamery or cheese 
factory the by-products taken back to the farms may spread the infection 
through all the herds of pigs in the community. This danger may easily 
be averted by thorough pasteurization and all dairy by-products returned 
to the farm should first be put through this process. 


READ THIS FIRST. 


SPRAYING IS NECESSARY TO INSURE GOOD FRUIT. 


PREPARE FOR THE WORK IN ADVANCE WITH EQUIPMENT 
AND MATERIAL. 


TO BE SUCCESSFUL YOU MUST BE ON TIME, DO A THOROUGH 
JOB, AND USE THE RIGHT MATERIALS PROPERLY COMBINED. 


THE DIRECTIONS GIVEN IN THIS BULLETIN ARE “GENERAL” 
AND UNDER AVERAGE SEASONAL MICHIGAN CONDITIONS 
THEY WILL BE SATISFACTORY. SHOULD YOU AT ANY TIME 
BE UNCERTAIN, INQUIRE OF YOUR COUNTY AGENT OR WRITE 
TO THE MICHIGAN AGRICULTURAL COLLEGE. - 


GENERAL TREATMENT FOR SPRAYING APPLE ORCHARDS. 
Special Bulletin No. 93 


BY H. J. EUSTACE AND R. H. PETTIT. 


In THe Fait, WINTER oR Harty Serine, make an inspection for scale- 
insects. Look on the twigs and branches of trees in different parts of the 
orchard. The kind most commonly found are: San Josn, OysTER-SHELL, 
Scurry, and the Europran Frurr-Scate. If you cannot identify them, 
send twigs or a strip of bark to The Entomologist, Michigan Agricultural 
College Experiment Station, East Lansing, Michigan. Scale-insects are 
serious pests, (especially the San Jose), and must be destroyed. 

Just Brrorr THE Bups Open, if scale is found, spray with strong lime- 
sulphur or Scalecide or some other efficient scale destroyer. (See direc- 
tions for making and using on page 5351.) Be thorough in this. Cover 
every part of the tree. 

As Soon As THE Biossom Bups SEPARATE IN THE CLUSTERS, WHILE THEY 
Are “IN THE PINK,” a spraying must be made to prevent Scas, the 
Cankrr-Worm, the Bup-MotH and possibly a few other insects, as PLANT: 
Lice and Rep-Buac. Read the instructions for these on the following page. 

For this spray may be used Bordeaux-mixture or lime-sulphur for the 
Scab and to each 50 gallons of either add for chewing insects two or 
three pounds of arsenate of lead paste or from 1 to 1144 pounds of arsenate 
of lead powder or 34 pound of arsenate of calcium powder. If plant- 
lice or red-bug are present when this spraying is to be made, add to the 
s0rdeaux or dilute lime-sulphur and poison, 14 pint of “Black Leaf 40” 
or some other 40% nicotine-sulphate solution. 

IMMEDIATELY AFTER THE Biossoms Far, and before the calyx closes 
make another spraying. Use the same materials as in the previous appli- 
cation, but if plant-lice or red-bug are not found, the “Black Leaf 40” or 
other 40% nicotine solution will not have to be added. This is an im- 
portant spray especially for the Codling-moth (worm). 

Asour Two Werks Arter THE ABOVE APPLICTION, make another. Use 
the Bordeaux-mixture or lime-sulphur, plus poison, as before. 

Aout THE First WEEK IN August, there will be a second generation 
of codling-moths to do serious damage to fall and winter varieties. <A 
spraying is necessary to destroy them and frequently a late summer 
development of the Scab fungus is serious. For this treatment use 
Bordeaux-mixture or lime-sulphur, plus the full amount of poison. 

Tite Lesser Aprie-Worm works more superficially than the codling- 
moth. Sometimes it merely mines under the skin. It resembles the 
codling-moth in many ways, but is smaller. When present it requires 
a spray of poison to be applied when the standard winter varieties are 
from 14% to 2 inches in diameter. This spraying should be thoroughly 
done. It takes the place of the second application after the petals fall. 
ate ee regular sprays will also help to keep the Lesser Apple-worm 
in check. 
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Pruant Lice of several kinds infest the apple tree, but their effect on 
the fruit depends largely on weather conditions. The red-bug is also 
now well distributed over the State. The eggs of both these insects are 


Wig. 1.—Eggs of plant-lice on apple-twigs. 


hatched out by the time the buds turn pink, and at that time the plant- 
lice are easily killed and the adults of the red-bug are unable to fly. If 
either the rosy-louse or the red-bug is strongly suspected of being present, 


Fig. 2.—Apples stunted and deformed by rosy-lice and green-lice. 


apply a spray of nicotine-sulphate, using a pint of Black Leaf 40, or of 
some other 40% nicotine-sulphate, to 100 gallons of water, adding 2 or 
3 pounds of soap to the mixture; or else add a pint of the 40% nicotine- 


sulphate to 100 gallons of Bordeaux or dilute lime-sulphur. Stir the 


520 STATE BOARD OF AGRICULTURE. 


nicotine in just before applying, and be sure to omit the soap in this 
case. An early spring with warm, dry weather following is unfavorable 
to the lice, and a cold, wet, late spring is favorable to the lice. In seasons 
such as the latter, spraying is almost imperative. As both these insects 
feed by sucking the sap from the foliage and from the fruit, it is neces- 
sary to use a contact spray and the safest contact spray, besides being 
the only one that can be mixed with lime-sulphur or Bordeaux, is nico- 
tine-sulphate. 


2 


Tig. 3—Bud-lice on apple just as leaf-buds are breaking out in spring. This condition 
closes the time for dormant sprays. 


Fire Buicur. Fire Blight is sometimes a serious disease in apple trees. 
A constant watch should be kept for its appearance from the time the trees 
blossom until the end of the growing season. For a description and 
method of control see “TREATMENT FOR Pars.” 


GENERAL TREATMENT FOR SPRAYING PEACH ORCHARDS. 


Peach orchards of Michigan may require spraying while they are 
dormant for two troubles. Scatze-rnsecrs may be found. Inspect the 
trees as is directed for apples. Pracu Lrar-curn is a very common and in 
some seasons a serious disease. (The leaves curl and drop off with the 
young fruits.) It is especially serious on the Elberta, and in foggy 
regions near lakes. If scale is found and a spraying can be applied be- 
fore the buds swell and the bud scales open, this one treatment will 
destroy the scale and effectually prevent the leaf-curl. Use strong lime- 
sulphur. If scale is not found, make a spraying for the leaf-curl when 
the tree is dormant in late fall, winter, or early spring. Use 114 gallons 
of lime-sulphur of 33° Baume with enough water to make 50 gallons. 


The disease cannot be controlled if the spraying is not done before the 
buds begin to swell. 
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The summer spraying of peach orchards may be a very profitable 
practice in preventing decayed, scabby and wormy fruit. The rot usually 
appears just before harvesting and may develop in the package after 
shipping. The scab (the black specks on the skin) seriously detracts 
from the appearance, and the work of the curculio produces blemishes. 
Spraying also increases the bright and desirable color, so much that some 
progressive growers find it “pays to spray for color.” 

The above troubles are commonly found in most Michigan peach 
orchards, and may be best controlled by the following sprayings. 

Just Brerorre THE Brossoms Drop anv Most or THE “SnaucKks” Have 
Fanten: In orchards where the curculio is found to be serious, make a 
spraying of poison, using 2 pounds of arsenate of lead paste or 1 pound 


Fig. 4.—Too late to spray for peach leaf curl. Bad case of peach leaf curl. 


of the powder with 2 or 8 pounds of slaked lime (to make sure there will 
not be any foliage burning), in 50 gallons of water. This poison is better 
for peach spraying than any other. If the curculio is not present or not 
serious, this spraying need not be made. 

Azsour Two Werks Arrer THE “SHucks” Have Fauuen, make a spray 
ing with self-boiled lime-sulphur, and to every 50 gallons add 2 pounds 
of arsenate of lead paste or 1 pound of arsenate of lead powder. The 
self-boiled lime-sulphur settles rapidly, so keep well agitated and do not 
add the arsenate of lead until just before spraying. Use fine nozzles and 
give the tree a uniform coating of mist-like spray. This spraying is to pre- 
vent the fruit rot, scab and the curculio. 

Asout Onn Monty Berore THE Fruit RieeNs spray once more as di- 
rected above. 

Pracu Tree Borer. Dig out by hand early in the spring or late in the 
fall at points where the gumming shows. Sterilize the knife with 2 to 
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5% lysol after finishing with each tree, in order to prevent the spreading 
of crown-gall which is often present. Careful experiments made, both 
here and elsewhere, have failed to produce any other treatment that 
actually pays for the cost of application. In order to facilitate the re- 
moval of the larve or “worms,” Many growers practice MOUNDING OR 
DITCHING. It seems to be of advantage to change the level of the soil 
around the base of the tree, either raising the level by making a mound 
of which the tree is the center, or lowering the level by digging away the 
soil in June and allowing the soil to be worked back by cultivation. Un- 
doubtedly it is easier to pull away the mound to expose the injured 
crown than to dig out the soil. The mound is later replaced after the 
wounds have dried. On the other hand, most growers that do not mound, 
do leave the soil out of the pit dug around the base of the tree in “worm- 
ing” until it fills during the summer, thus allowing time for the sun to 
dry the wounds and toughen the surface. There is also present in Michi- 
gan the Lesser Peach-borer, which works more in the body and limbs, 
and the upper part of the tree. 

Pracu YreLttows. A very infectious disease the cause of which is un- 
known.—The first symptoms in a young tree previous to bearing, are indi- 
cated by the leaves of one or two limbs turning from a rich dark green to a 
“yellowish-green or reddish rusty-green” color; this is accompanied by a 
rolling of the leaves from their edges. These leaves ripen and fall earlier 
than normal Jeaves. The fruit-beds are larger and more mature in ap- 
pearance and in the spring will invariably bloom earlier than healthy 
buds. In some instances, the symptoms are not confined to one or two 
branches, but many of the leaves in the center of the tree turn yellowish or 
light-green, roll slightly at their edges and droop considerably. These 
later symptoms are often present in case of “Little Peach.” 

Upon bearing trees, there may be any one or all of the following symp- 
toms: The fruit may ripen prematurely—one to three weeks—upon one or 
two branches or over the entire tree. The fruit may have numerous 
red spots on the surface, the spots sometimes extending in red streaks 
partially or wholly through the flesh to the pit. Often the flesh, about 
the pit, is full of radiating streaks of red. The surface of the fruit may 
be smooth or considerably roughened and the flesh more or less stringy 
and very insipid. The leaves may be yellowish pale or reddish rusty-green 
in color, usually rolling and drooping. In advanced stages, numerous 
finely branched shoots bearing many slender, sickly leaves, appear on 
the trunk or main limbs and sometimes near the ends of the branches. 
l‘inally the tree dies. 

Winter injury to the bark of the trunk or main limbs, mechanical injury 
by mice, rabbits, peach-borers, cultivators, ete., or a serious lack of mois- 
ture or nitrogen in the soil may discolor the foliage and cause premature 
ripening of fruit and should not be mistaken for “Yellows.” 

The only method of control is by the destruction of an infected tree— 
fruit, root and branch—just as soon as discovered. It is especially im- 
portant that diseased trees should not be allowed to blossom, as it is 
believed that the disease is spread by insects at that time. 

Lirtte Peacn. In “Little Peach,” characteristic symptoms are: The. 
leaves of a part or the whole of the tree have a bunched appearance, and 
are shorter, and broader than normal leaves. They are usually yellowish- 
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green in color with veins appearing dilated and darker than the inter- 
vening tissne. The fruit is usually under size and ripens from a week to 
two weeks late. The flesh is more or less stringy, watery and very in- 
sipid, while the pit is usually very small. One or all symptoms may be 
present and unless they can be positively attributed to some other cause, 
the tree should be condemned, pulled out and burned. 


GENERAL TREATMENT FOR PEAR ORCHARDS. 


In THE Fat, WINTER or Earty Spring, inspect for scale insects the 
same as for apple orchards, and if found, spray as is directed for apple 
orchards. (See page 518.) 

A spraying for scale will also control the Pear Blister-mite, (a mite 
that causes thickened red and brown spots on the leaves and fruit). This 
insect has been a serious pest in parts of Michigan for the past few years. 

Just as tHe PINK or THE BLossoms 1s SHOWING, a spraying should be 
made to prevent scab, Codling Moth, Bud Moth, ete. For this spraying 
Bordeaux- mixture or the diluted lime-sulphur may be used to which add 
2 or.3 pounds of arsenate of lead paste or one-half as much of the powder 
or 34 pound of arsenate of calcium for each 50 gallons. If lime-sulphur 
is used, the following dilutions should be followed. They are not quite 
as strong as for apple orchard spraying. 

If the concentrated lime-sulphur Baume test is 33, 32 or 31 
gallon and water to make 50 gallons. 

If the test is 30, 29 or 28, use 5 quarts and water to make 50 gallons. 

Tf the test is 27, 26 or 25 use 6 quarts and water to make 50 gallons. 

ImMMeEpIATELY Arrer THE Brossoms Faun, and before the calyx closes, 
make another spraying using same materials as in the previous spraying. 

Tar Pear Psyira is a serious and important insect regarding which 
pear growers must be fully informed. It passes the winter in rubbish, 
such as prunings left in or near the orchard, on the trunks of the trees, 
in the cracks and crannies of the rough bark, and on the twigs among 
the buds. It may be controlled by the following thorough treatment : 

1. Late in the fall, November or December, scrape the loose bark from 
the trunks and large limbs and gather and burn or bury. Do not leave 
on the ground. 

2. Ona bright and fairly warm late fall day the insects will come out 
of their hiding places and can then be killed with a contact spray. Use 
“Black Leaf 40” or some 40% nicotine-sulphate solution at the rate of 
1 pint in 100 gallons of wiee and to make it spread easily and quickly 
and se go farther, add 3 pounds of dissolved soap. Any cheap soap will 
do. Spray both sides of each tree, the insects are lively and will dodge 
the spray. The best possible job can be done by spraying both sides of 
each tree at the same time, or at least by completing the job before any 
one part of the sprayed trunk or limbs becomes dry. 

Pear Buicut commonly called Fire Bruicur. This is one of the most 
serious diseases of pears, and often does a great deal of injury on apples, 
especially . on Russian ‘varieties, young trees of many varieties, and on 
quince. Its presence is made very apparent by the discoloration of the 
foliage, the leaves turning dark brown, withering, but still holding to the 
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branches. The disease frequently appears about blossoming time, effect- 
ing the tips of the quick growing shoots and working down to the larger 
branches. It is usually more serious in rapidly growing trees and for 
this reason nitrogenous fertilizers, cultivation and any practice that 
would tend to stimulate growth should be withheld in infected orchards, 

Spraying is not a preventative. Inspect all trees in early spring for 
cankers or sunken, irregular areas on the bark of the trunk and larger 


Before Treatment. After Treatment. 
Fig. 5.—Blight Canker on Pear Tree. 


branches, around the edges of which the disease is carried from one season 
to another. Cut out all of these cankers, disinfecting every cut with a 
five per cent lysol solution. Make frequent and thorough inspections 
through the orchard during the growing season, cutting out all diseased 
twigs and branches some little distance below the point where the wood 
appears to be dead. Disinfect the pruning tool with lysol solution after 
each cut. 

WHEN Stues Appear spray with arsenical, if not too near picking time 
of fruit to be dangerous. Tn case of early pears, fresh hydrated lime may 
be heavily dusted on. 
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GENERAL TREATMENT FOR PLUM ORCHARDS. 


Plum trees may be attacked by the San Jose or Kuropean fruit scale. 
If found, make a spraying before erowth starts with strong lime-sulphur 
or other efficient scale destroyer, the same as directed for apple orchards. 

Just Brerorre THE Bups OPEN spray with dilute lime-sulphur or the 
Bordeaux-mixture and to every 50 gallons add 2% or 3 pounds of arsenate 
of lead paste or one-half as much powder. This is to prevent the leaf 
spot, brown rot, black knot, and curculio. 

IMMEDIATELY ArreR THE Brossoms Faun it is very essential to make 
a spraying to prevent leaf diseases, brown rot, and cureulio. Use dilute 
lime-sulphur or Bordeaux-mixture. (On Japanese varieties use only the 
self-boiled lime-sulphur). For each 50 gallons of whatever is used, add 
2 pounds of arsenate of lead paste or 1 pound of the powder. 

This is an important spraying. Be on time and be thorough. 

TEN Days or Two Werks Laver it may pay to repeat the previous spray- 
ing, especially if the weather is wet or the curculio serious. With varie- 
ties that are susceptible to the brown-rot, it may pay to make sprayings 
every ten days or two weeks until there is danger of staining the fruit: 
stopping at least a month before picking time. If desirable to make later 
applications use a spray of weak copper sulphate. One pound of copper 
sulphate to 150 or 200 gallons of water. Poison need not be used. 

Brack Kwnor. Early in the spring a careful inspection should be made 
of every tree, and all “black-knots” cut out and destroyed. Cut back sev- 
eral inches below the knot. Disinfecting cuts as for pear-blight is not 
necessary. Wild cherry trees harbor the disease and if diseased ones are 
near plum or cherry orchards, the wild trees should be destroyed, if 
possible. 


GENERAL TREATMENT FOR CHERRY ORCHARDS. 


Inspect sweet cherries for scale. Tf found spray as for apple orchards. 
Sour cherries are not often attacked by the San Jose seale, and there is 
therefore seldom need of spraying them with the strong lime sulphur. 

Jusr Berore tun Brossoms Oren, spray with dilute lime-sulphur to 
prevent leaf-spot and brown rot. 

Just ArreR THE Brossoms Fatn. spray with dilute lime sulphur or 
Bordeaux-nixture and to every 50 gallons add 2 pounds of arsenate of lead 
paste or one-half as much of the powder. This spraying is to prevent the 
leaf-spot, brown rot and the curculio and slugs. 

TEN Days or Two Weeks Arter the above spraying, it may be necessary 
to make another application of the same mixture. The necessity for this 
spraying will depend somewhat on the susceptibility of the var iety to the 
brown rot and the leaf'spot and on the weather conditions, moist weather 
being favorable to the development of these troubles. 

Large Brack Lice may appear on the leaves at any time. A spray of 
nicotine-sulphate will destroy them if applied before the leaves curl. 

Siucs sometimes appear after the fruit is harvested. A spray of ar- 
senate of lead (2 or 8 pounds of the paste or half as much of the powder 
in 50 gallons of water) will destr oy them. 
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Suerry Fruit-rty. Two sorts of small white maggots are often found 
in ripening cherries. These footless maggots are the larvae of cherry 
fruit-flies. The o1ily way to successfully combat these fruit-flies is to 


Sour cherry tree not sprayed for ; Sour cherry tree sprayed for 
leaf spot. Vig. 6. leaf spot. : 


lightly spray or sprinkle the trees with arsenate of lead when the flies 
are preparing to lay their eggs in the immature fruit. Use about a pint 
to a tree of a mixture containing 4 pounds of arsenate of lead paste or 2 
pounds of powder to 100 gallons of water. 


GENERAL TREATMENT FOR GRAPE VINEYARDS. 


Grape vines are not often subject to attack by scale insects, so there is 
seldom need for spraying with strong lime-sulphur before growth starts. 

Do not use dilute lime-sulphur at any time for spraying grapes. It 
stunts or checks the growth of the berries. Use Bordeaux-mixture instead. 

Buack Ror is a serious disease. Growers cannot afford to risk the loss 
it may cause by neglecting to spray. 

Downey MitpEew, commonly called “Red Grape,” is sometimes a destruc- 
tive disease. 

These diseases and others will be prevented very largely by spraying 
as follows: 

_ WHEN THE SuHoots ARE Apout 8 To 10 INcHES LONG, spray with Bor- 
deaux mixture for black-rot and downy-mildew. 

Just Brerore BLoomine, spray again with Bordeaux-mixture for black- 
rot and downy mildew, and to every 50 gallons of Bordeaux, add 2 or 3 
pounds of arsenate of lead paste, or half as much of the powder, or 34 
pound of arsenate of calcium, to poison the grape-berry moth and the 
rose-chafer. If this latter is serious, use stronger poison, even up to 5 
pounds of arsenate of lead paste or half as much powder, to 50 gallons. 
A pint of the cheapest molasses added may help. 
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Just as THE Brossoms are Fauiinc, make another spraying like the 
above. 

Azour 10 Days or Two Weeks Larter, it may be necessary to make 
another spraying like the two previous, but this will depend upon the 
weather conditions and the amount of rot and mildew prevalent. If later 
sprayings are thought to be necessary, some material should be used that 
will not stain the fruit, such as weak copper sulphate solution. (See 
page 536.) ; : ; 

There are several grape insects that are found only in occasional vine- 
yards, and then not every year. The grower should keep a sharp watch 
of his vines for them, and if found, take prompt measures to destroy them. 
(If not familiar with their appearance send specimens to The Entomolo- 
gist, East Lansing, Michigan. ) 

Those most likely to be found are the following: 

Fiea-BeeTtLes may appear at any time, but are most likely to come as 
the buds open in early spring. Spray with Bordeaux mixture and a strong 
poison, 3 or 4 pounds of arsenate of lead paste, or half as much of the 
powder, or 34 pound of arsenate of calcium, to every 50 gallons of the 
Bordeaux, if early in spring. Later use less poison. 

_In vineyards where the grape-berry moth is serious, spray with Bor- 
deaux and an arsenical poison during the middle of July, before the twen- 
tieth. 

For Lear-Horrers, sometimes incorrectly called “Thrip,” spray with 
nicotine-sulphate, using 1 pint to 100 gallons of water with 2 or 3 pounds 
of soap, or with kerosene-emulsion while the insects are young, and before 
they can fly. Try to hit each insect, for only those hit by the spray are 
killed. Later in the fall, clean up all rubbish and burn after cold weather 
sets in. The leaf-hopper passes the winter in rubbish. 

For Crimpine Cur-Worms, use bands of cotton batting, or wool from 
the fleece, or bands of sticky mixture. On tender growth the latter can 
be put on strips of paper; also sprinkle poisoned bran near the bases of 
the vines. (See page 539.) 


GENERAL TREATMENT FOR CURRANTS AND GOOSEBERRIES. 


San Jose and European fruit-scale are often found on currants, al- 
though seldom on gooseberries. Inspect carefully for them. If found, 
spray before growth starts with strong lime-sulphur. 

Just AS THE LHAVES ARE EXPANDING, spray with dilute lime-sulphur or 
Bordeaux and 2 pounds of arsenate of lead paste or half as much of the 
powder, or 34 pound of arsenate of calcium, to every 50 gallons. 

Repeat this spraying when the fruit is about one-fourth grown. 

If worms trouble after this use pyrethrum or hellebore. 

- Lear Bucs or APHIDS may appear, either one or both together. When 
they do, spray with nicotine-sulphate while the bugs are red and wingless 
and before the leaves have become curled. Spray upward from beneath. 

GOOSEBERRY MILpEw is a fungous disease that is especially troublesome 
on such English varieties as Industry, Columbus and Chautauqua. Spray 
with dilute lime-sulphur. Begin when the buds start and repeat every 
10 days to two weeks until near picking time. 


528 STATE BOARD OF AGRICULTURE. 


Wuen Pruning, if a cane shows discolored pith when cut, it may indi- 
cate the cane-borer. Cut back to sound pith. Burn trimmings imme- 
diately. 

Witrep Forrace at any time may indicate the cane-borer. Cut out and 
burn. 


GENERAL TREATMENT FOR RASPBERRIES, BLACKBERRIES 
AND DEWBERRIES. 


Cur. Out THe Fruir Brarine canes after the last picking has been 
made. This will lessen insect and disease troubles that may be harbored 
on the old canes and allow more room for the growth of the new canes. 

ORANGE Rust may appear in May or June. It is easily identified by the 
bright orange color on the under sides of the leaves. There is no 
method of preventing this trouble. As soon as it is found, the bush 
should be dug out and burned. If allowed to remain the disease will 
spread and destroy many plants. Secure disease free plants in starting 
new plantations. 

ANTHRACNOSE. A common and troublesome disease especially of black 
raspberries and blackberries, identified by the grayish spots generally 
near the bases of the canes. Recent spraying experiments prove the 
necessity of three applications of lime-sulphur solution to control it, 
appled—first, in early spring just before growth begins, using 214 gal- 
lons, testing 33° Beaume, to 50 of water; second, when the new canes are 
six to eight inches long, using 114 gallons to 50; third, just before 
blossoming, at the same rate as previous spray. The removal of all 
grass, weeds and trash in the plant rows, keeping them clean and well 
cultivated, will help to prevent this disease. 

“Worms” or “Siues” may appear at any time. Spray with an arsenical 
if early in the season, but it near picking time, use hellebore or pyrethrum. 
Cut out and burn gouty galls, tree-cricket eggs and borers in stems. 


GENERAL TREATMENT FOR STRAWBERRIES. 


Examine the young plants before setting them. Pick off all discolored 
or diseased leaves. If root-lice are suspected, dip the roots in strong 
nicotine solution. 

After the growth starts, spray with Bordeaux and an arsenical poison 
to prevent the leaf-spot, and destroy the leaf-roller insect that may be 
present. 

For fruiting plantations, spray with Bordeaux before blossoming, and 
repeat ten days to two weeks later. After fruiting, if the bed is to be 
fruited again, mow and burn over quickly (as on a day when there is 
a wind, to avoid burning the crowns of the plants). If Lrar-roniers 
have been present in the immediate past, spray with poison after the 
erowth has started again, but before the leaves curl. 

For SrrawBerry Root-Lice, see Michigan Bulletin No. 244, page 88. 


GENERAL TREATMENT FOR POTATOES. 


Scan AND Buack Scurr. Where-there is little or no evidence of Black 
Scurf (Rhizoctonia), the dormant stage of which may be seen on the skin 
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of the tubers in the form of small brownish, or when wet, nearly black 
spots, the tubers should be soaked for not less than 14 hour and 14% will 
do no harm in a solution of formaldehyde, forty per cent, used at the rate 
of one pound or one pint to thirty gallons of water. This will destroy the 
disease known as Scab. Formaldehyde can be secured of any druggist. 

If there is evidence of the Black Scurf, soak the uncut tubers in a solu- 
tion of corrosive sublimate (bichloride of mercury), using four ounces 
in four gallons of hot water, and when this is dissolved, add enough water 
to make 30 gallons. Soak the seed for not less than 14% hour and 11% 
hours will do no harm, but no longer. Use only wooden vessels for this 
material. 

Corrosive sublimate is a deadly poison and should be kept away from 
children and livestock. Do not use treated potatoes for eating purposes. 

WHEN AND How to Treat. The potatoes may be treated with either 
material several weeks, if desired, before planting if care is taken not 
to re-infect the tubers by placing them in used sacks or crates which have 
not been disinfected. Some growers prefer to treat just before planting. 
The potatoes should be treated before the seed is cut. 

When only a few bushels of potatoes are to be treated they may be 
placed in gunny sacks and submerged in a barrel from which the head 
has been removed. 

When large quantities are to be treated, a tank should be provided for 
the purpose. The tank should be wide enough to allow two rows of 
potato crates to be placed in it side by side and deep enough so the pota- 
toes, crates and all, can be submerged. It may be made any length de- 
sired. As soon as the potatoes are treated, it is a good plan to submerge 
them in clear water or to pour water over them to prevent further action 
of the material with which they are treated. If they are to be kept 
some time before they are planted, they should be spread out and dried. 

For THe Buigur AND “Bucs.” Begin spraying with Bordeaux-mixture 
and poison when the “bugs” first appear, or when the plants are about 
8 inches high, and repeat about every two weeks as long as the plants 
are growing. Spray often in warnt, muggy weather; fewer sprayings are 
necessary in dry weather. 

Use Bordeaux-mixture (6 pounds copper sulphate and 4 or 5 pounds of 
lime to 50 gallons of water, and put in the poison, about 14% pound of 
Paris-green or 2 or 3 pounds of arsenate of lead paste, or half as much 
of the powder, or 34 pound of the powdered arsenate of calcium, or | 
quart of the stock solution of Kedzie-mixture. This amount of Kedzie 
mixture is equivalent to 44 pound of Paris-green. Some growers prefer 
to use even more than this. 

Dilute lime-sulphur is not as good as the Bordeaux-mixture for pota- 
toes. 

Poraro Apiuis. During wet summers and especially during those that 
follow cold, wet springs, the potato-louse is apt to appear. This potato- 
louse is not such a difficult insect to kill if one can only reach it with a 
spray. The difficulty comes from the fact that it hides under the foliage 
of the potato, and that the spray must be directed upward from beneath 
in order to hit any large proportion of the lice. Several devices have 
been made for bringing about this result. The spray most efficient is the 
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ordinary 40% nicotine sulphate, used at the rate of 1 pint to 100 gallous 
of water with 3 or 4 pounds of laundry soap added. 

Tun Gray Fietp-Siue (Limax agrestis) of Europe has finally become 
established in Michigan. Itisa snail, less than 34 of an inches long, with- 
out a shell, and it flourishes in moist places, feeding mostly at night 
on lettuce, celery, potatoes (the tubers) and other vegetables. Poisoned 
bran is the best we can do for it at this time. Scatter the bait in vicinity 
of plants to be protected. (The Giant Slug is also present in Michigan, 
but has not become widespread as yet.) 


GENERAL TREATMENT FOR TOMATOES. 


Lear Bucur. This disease can be prevented by the proper use of Bor- 
deaux. The standard 4-4-50 formula is the strength most commonly used. 
The first application should be made while the plants are in the seedbed 
or coldframe. The second spraying should be made soon after the plants 
are set in the field. This should be followed by additional sprayings 
every ten days or two weeks until the fruit begins to ripen. During wet 
seasons more and later sprayings are necessary than when the weather 
is comparatively dry. 

Fina-Breties. Small, black flea-beetles sometimes appear and eat pits 
in the foliage of the tomato plant. The easiest way to control them is to 
spray with Bordeaux-mixture and arsenate of lead in the ordinary way. 
Such sprays, of course, must not be continued after the fruit begins to 
get very large. 

Tomato Worms. The large green “worms” that devour the leaves of 
the tomato plants can be controlled when the worms are small by a 
spray of arsenate of lead applied in the ordinary way. 


GENERAL TREATMENT FOR MUSKMELONS AND CUCUMBERS. 


Several insects interfere with the welfare of cucumber and melon 
vines. Toe CucumBer-BEetLe (striped) feeds on the leaves, and the 
young tunnel as grubs in the roots. Plant more seeds than are needed 
to produce vines and thin out the injured plants and dust with hydrated 
lime and flour of sulphur (one of sulphur to five or six of lime), through 
coarse cloth. Some prefer arsenate of lead powder mixed with nine parts 
of hydrated lime. About the bases of the vines on the ground throw 
some tobacco dust to prevent beetles from laying eggs on stems. Paris- 
green is not reliable on these tender vines. 

THe CucumsBer-Louse usually starts in a few hills and then spreads 
over the field, cold, wet weather being favorable to the louse. Some prefer 
to bury the first few vines attacked to retard spreading. A good spray 
is Persian insect powder, 14 ounce to a gallon of water; also nicotine- 
sulphate, 14 pint to 50 gallons of water, if 40% sulphate is used, spraying 
upward from beneath. The difficulty lies in getting the spray on to the 
lice. Each louse must be fairly hit to be killed. 

Tun Larce Buack Squasu-Bue, or stink-bug, not only feeds on vines, 
but probably also carries the wilt. It may be trapped on cold nights 
under pieces of board and dropped into a can of water, having a little 
kerosene on top. 
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PREPARATION OF SPRAY MIXTURES. 


Commercial Concentrated Lime-Sulphur is now very extensively used 
by Michigan fruit-growers. Many may be saved by making the “home- 
made” if much spraying is to be done, but in times of labor shortage the 
advantages of the “Commercial” apparently outweigh in the minds of 
the majority of fruit-growers the money saving. 

There are several brands of the “Commercial” concentrated lime-sul- 
phur wash now on the market. Under “Agricultural Laws of Michigan” 
a label on each container must state plainly “the correct names and 
percentage amounts of each and every ingredient of the insecticide or 
fungicide having insecticidal or fungicidal properties and the total per- 
centage of inert ingredients present.” 

The “strength” or “Baume Test” in concentrated lime sulphur may be 
known from the “Total Percent Sulphur” given on the label of commer- 
cial manufacture. 

When Total Percent Sulphur is 26, Baume Test is 33. 

When Total Percent Sulphur is 25, Baume Test is 32. 

When Total Percent Sulphur is 24, Baume Test is 31. 

When Total Percent Sulphur is 23, Baume Test is 30. 

When Total Percent Sulphur is 22, Baume Test is 29. 

When Total Percent Sulphur is 21, Baume Test is 28. 

When the Baume Test is known, make the dilutions as follows: 


Where the directions are for strong | For summer spraying of apples, 
lime sulphur for San Jose and other | cherries and European varieties of 
scale insects and the plants are dor- | plums. 

mant or just before the buds open. | 


| 

\ | 
| Amount of ; Amount of 
concentrated — | | lime sulphur 

When Baume | lime sulphur | When Baume | below should be 
test is below should be | test to | diluted to 
diluted to | 50 gallons. 
50 gallons. 


| 
| 
33 | 51% gallons | 33-32 o0r31 | 114 gallons 
32 | 534 gallons | 30-29 or 28 11% gallons 
3 | 6 gallons 27-26 or 25 | 134 gallons 
3 | 614 gallons | 24230r22 [| 2 gallons 
29 | 61% gallons 
28 | 684 gallons | ‘ ac ane 
27 it -gallons For Summer Spraying of Pears. 
| | 
| | 
| 33-32-31 > ai eeallion 
30-29-28 1144 gallons 
| 27-26-25 1% gallons 
| 24-23-22 134 gallons 
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HOME MADE LIME-SULPHUR. 


There are two ways of making lime-sulphur at home. 

For dormant spraying to destroy scale-insects the old formula may be 
followed. It is not much used now, but has given excellent resuits. The 
formula is: 


Lump Lime—20 pounds. 
Sulphur (flour)—15 pounds. 
Water (hot) to make 50 gallons. 


The lime is slaked with a small amount of water (hot if lime is slug- 
gish, and the sulphur is added, 15 or 20 gallons of water are then added, 
and the mixture boiled: (It should take three-quarters of an hour, or 
an hour of good boiling with frequent stirring). When done the liquid 
should be amber colored and fairly clear. Strain, dilute with water (hot 
is preferable) to make (up to) 50 gallons, and apply warm, through a 
coarse nozzle. 

If small quantities are required, use an iron kettle to boil it in. If 
larger quantities are to be used, live steam is preferable for boiling pur- 
poses, either in a tank or in barrels. 

Applied just before the buds swell, it coats the branches in such a way 
as partially to hinder from settling down, such pests as the San Jose, 
oyster-shell, scurfy scale, some aphids and other insects. 

Lime-sulphur may be made at home in the concentrated form and used 
immediately after diluting with water to the strength desired for dor- 
mant or summer spraying or stored until wanted and then diluted. 

There are several ways of combining the lime and sulphur but always 
there are two parts, by weight, of sulphur to one of lime. These three 
formulas are used: 


Stone Lime 75 lbs. or 60 Ibs. or 40 Ibs. 
Sulphur —§ 150 lbs. or 120 Ibs. or 80 Ibs. 
Water 50 gal. or 50 gal. or 50 gal. 


The lime is slaked to a thin paste and the sulphur is added. Boil for 
an hour and stir frequently. Water should be added so that there will 
be 50 gallons at the end of the boiling. Where live steam is used this 
probably will not be necessary. 

Special “spraying lime” should be secured if possible. It may be found 
on many markets. Lime that contains more than 5 per cent of magne- 
sium oxide does not mnake a satisfactory wash. 

After cooking it may be stored in barrels or tanks which should be air- 
tight, as exposure to the air causes the sulphur compounds to lose their 
value for spraying purposes. If tanks are used cover the lime-sulphur 
with a film of oil. 


TESTING AND DILUTING CONCENTRATED LIME-SULPEHUR. 


Every “batch” of the home made concentrated lime-sulphur wash will 
have to be tested when cooled and settled to determine its strength and 
it will be well to test the “commercial” brands. This testing is done with 
A Baume hydrometer. Tt is a simple instrument used to determine the 


Oo 
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weight and density of liquids. It is made of glass, is about a foot long, 
and has a graduated scale on the side. 
It is absolutely necessary that the hydrometer be kept perfectly clean. 
If the solution is allowed to dry on it an accurate test cannot be made. 
It can be purchased from dealers in druggists’ supplies or from Bausch 
and Lomb Optical Company, Rochester, N. Y., or Whitall Tatum Com- 
pany, Philadelphia, Pa., or Taylor Instrument Company, Rochester, N. Y. 
(See page 543 for the rates of dilutions. ) 


DILUTE LIME-SULPHUR SOLUTION. 


For spraying on the foliage of apples, pears, Huropean plums and 
cherries, but not on peaches or Japanese plums, grapes or potatoes. 

This solution can be prepared for use in several ways. 

First, the “Commercial” concentrated lime-sulphur solution can be 
diluted to the proper strength. 

Second, “The home made” BOIS Te 80 lime-sulphur can be diluted to 
the proper strength. 

Third, The solution can be made at any time and in any quantity as 
follows: Boil in a few gallons of water for one hour, tivice as many 
pound of sulphur as of lime, strain and dilute with water so there will 
be 8 pounds of sulphur to every 100 gallons. 

Example: To make 100 gallons of spray solution, boil 8 pounds of sul- 
phur and 4 pounds of lime as directed. 


SELF-BOILED LIME-SULPHUR MIXTURE. 


This is a mixture of lime, sulphur and water and not like any of the 
other lime-sulphur sprays. It does not (when properly made) injure 
tender foliage and is very valuable for spraying peaches and Japanese 
plums. The formula is: 


Tein A UMA ee, sees cas se harsgerer ate eel tora oy ats: S pounds. 
STG PNT Gs cat Pap petta  sictal-a aeoseiece vere? aknarere <iesanees S pounds. 
WOT Ae cree dala Ast csacaiies 4 shen aeuatsik stoy 50 gallons. 


e> > 


The mixture can be prepared better by using 32 pounds of lime, 32 
pounds of sulphur, and 8 or 10 gallons of water, and then diluting to 200 
gallons. 

Place the lime in a barrel and add enough water to almost cover it; as 
soon as the slaking begins add the sulphur, which should be run through 
a sieve to break up the lumps. 

Stir constantly and add enough water to make a thick paste and then, 
gradually, a thin paste. As soon as the slaking of the lime has vigorously 
boiled the sulphur for about five minutes, cold water should be added to 
cool the mixture and prevent further cooking. It is then ready to be 
strained into the spray tank, diluted up to the full formula, and used. 

tare must be taken not to allow the boiling to proceed too far, if the 
mixture remains hot for fifteen or twenty minutes after the slaking is 
completed, too much sulphur will go into solution and injury to the foliage 
may result. 

The time of adding the cold water to stop the boiling depends upon 
the lime. With a sluggish lime all the heat in it may be needed, while 
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with limes that become intensely hot, care must be taken not to allow the 
boiling to proceed too far. 


DRY OR POWDERED SUBSTITUTES FOR THE LIQUID LIME- 
; SULPHUR. 


Substitutes for the liquid lime-sulphur in the dry or powdered form 
are now offered on the market. They may have an advantage over the 
liquid in economy of shipping and may be a little easier to handle. They 
will dissolve in water and are then used exactly as is the liquid lime 
sulphur, poison is added as desired. 

The value of these substitutes should depend upon the amount of sul- 
phur they contain, and sufficient quantities must be used to make a spray- 
ing mixture strong enough to be efficient. 

Their relative value compared with concentrated liquid lime-sulphur 
is given in the table below: 


COMPARISONS OF DRY SUBSTITUTES WITH LIQUID LIME 
SULPHUR. 


| Amount per 50 gallons of spray 


| 
= ! . 
For Dormant Spray | For Summer Spraying 


Material. 


| 

Habis, | 

Concentrated Liquid Lime | 
| 


Sulphunrahas ot a.e ets. | D146 gal. 1.14 gal. 
Dry Lime-Sulphur. > 2.2: 2. | 26 Ibs. Oxi “Ibs. 
Sodium Sulphur or Soluble | | 

Sulphur. sateen ences | 26% Abs: | 6.1 Ibs. 


Knowing the amount of material required for 50 gallons and the cost 
per pound, the expense as compared with the liquid lime-sulphur, either 
the commercial concentrated, or the home-made may be determined. 
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DUSTING COMPARED WITH SPRAYING ORCHARDS. 


The practice of dusting orchard trees with sulphur and poison in 
powder form, instead of spraying them with lime-sulphur or Bordeaux- 
mixture has received the attention and consideration of fruit growers for 
the past few years. The advantage of dusting as compared with spray- 
ing is chiefly in the time saved and the ease of doing the work. 

For several years the Horticultural Section of the Experiment Station 
has conducted tests to compare the results of dusting and of spraying. 
These tests have been made in orchards in different sections and include 
the standard varieties of apples. : 

The results in 1917 as stated in Special Bulletin No. 87 are quoted as 
follows: 

“Dusting method gave very satisfactory results in 1917. The results 
equaled those secured in the sprayed plots. The season was like that 
of 1916 in that the infection periods were all early in the summer. The 
control of scab on the fruit was very satisfactory in most plots. The 
condition of foliage in the dusted plot at Muir was much better than on 
the sprayed trees because of the spray injury on the latter. At Belding 
there was little difference in the condition of the foliage of the two plots. 

At Morrice the foliage of the dusted trees was free from injury but 
showed some scab, while on the sprayed trees there was no scab but some 
spray injury. : 

“It is not possible to tell just why the results with dusting were so 
much more satisfactory in 1917 than in previous years. This success 
may have been due to one or all of the following factors: More efficient 
application of dust, finer materials or more timely applications with 
relation to infection periods. 

“Better results were obtained at Morrice and Muir where much of the 
dusting was done when the trees were wet with either rain or dew than 
at Belding where the trees were always dry when material was applied. 
Several growers, however, have secured satisfaetory results by dusting 
when the foliage was dry. 

“It is very doubtful if the extra application of dust made in July had 
any beneficial effect as weather conditions were not favorable for seab 
infection before the August application.” 

Tests were continued in 1918 but conclusive results were not secured. 
Both the dusted and the sprayed trees produced good crops of fine clean 
fruit, and the check trees (those left unsprayed for comparison) had 
only a small percentage of fruits injured by scab, although they were 
considerably damaged by the codling moth. 

Commercial fruit growers who have tried dusting instead of spraying 
have had various experiences. No definite nor conclusive general results 
can be drawn from these experiences. Many of them are satisfied with 
dusting while others will continue to use the sprays. 

We are compelled to state that the use of dusting material as a sub- 
stitute for liquid mixtures is still in the experimental stage. 


“ 


536 STATE BOARD OF AGRICULTURE. 


SUGGESTIONS.” 


For the benefit of fruit growers who may care to use the dusting method 
at this time, a few suggestions may prove helpful. 

A duster of sufficient capacity and power should be used. Efficient 
work cannot be done with an undersized machine. 

Special dusting sulphur should always be used. The ordinary grades 
of sulphur are not satisfactory. 

Home-mixing of materials should not be tried unless a special mixing 
machine is used. 

Applications should be made from two opposite directions and prefer- 
ably when there is not any wind. 

Unlike spraying, dusting can be safely done when the foliage is wet. 

More applications of dust than are usually made of the liquid sprays 
will probably be desirable. However, the number will depend largely 
upon weather conditions. The applications of dust should, of course, be 
made before scab infection periods. Cool and rainy weather is favorable 
to scab development. 


BORDEAUX MIXTURE, 


Bordeaux mixture is made of copper sulphate, lime and water. 

These three substances are combined in various proportions, depend- 
ing upon the kind of plant to be treated. For apples, pears, cherries and 
plums (except Japanese varieties) the preparation is usually four 
pounds of copper sulphate, with about the same amount of lime, to fifty 
gallons of water. Poison is added as needed. The copper sulphate will 
readily dissolve in two gallons of hot water, to which should be added 
enough water to make 25 gallons, or one-half barrel. Do not use an 
iron or tin vessel to dissolve this in, as the copper sulphate will destroy 
it, and besides the iron will spoil the Bordeaux. A wooden pail is good. 
Slake the lime into a thin paste and add water to make 25 gallons. Pour, 
or let these run together into a third barrel, and the Bordeaux is made. 
When it is emptied into the spray barrel or tank, it should be strained 
through a brass wire strainer to catch any of the coarse particles. 

Whenever it is necessary to use a quantity of-the mixture, it is desir 
able to have the lime and copper sulphate in “stock solutions.” <A 
quantity of lime is slaked to a paste and held so by being covered with 
water. The copper sulphate, say 50 pounds, is placed in a clean gunny 
sack and suspended in a barrel (one with wooden hoops is much to be 
preferred) containing 25 gallons of water. This will dissolve in about 
a day. One gallon of this “stock solution’** is equal to two pounds of 
copper sulphate. 

A good quick way to combine these three substances is as follows: 
Put the amount of the “stock solution” of copper sulphate required in a 
barrel, and add enough water to make 25 gallons, or one-half barrel. 
Put about 7 pounds of the lime paste in a barrel and add 25 gallons of 
water, making a thin whitewash. Pour, or let these two run together 
into a third barrel, or directly into the spray barrel or tank, being sure to 
strain. When partly run in, test with ferro-cyanide of potash to make 


*From Special Bulletin No. 87. Dusting and Spraying Experiments with Apples. 


**Always stir this ‘stock solution” before dipping any out, i y i 
ful. ) pping any o in order that what is used may be 
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sure enough lime has been used. If Paris-green, arsenate of lead, or any 
other poison is to be used, make it into a thin paste with a little water 
and add it to the Bordeaux-mixture, which is now ready to be used. 


COPPER SULPHATE SOLUTION. 


Copper sulphate solution is copper-sulphate dissolved in water. It is 
used by some growers to spray peach trees to prevent the leaf curl where 
a spraying for scale insect is not required. Two pounds of copper- 
sulphate to 50 gallons of water is strong enough for this purpose. 

Prepared BorpEaux. There are many brands of prepared Bordeaux- 
mixtures upon the market, sold under various proprietary names. Some 
of them also contain arsenical poisons. In our tests of these materials, 
we have not found them as efficient or as economical in controlling fung- 
ous diseases as a properly home-made Bordeaux. 


POISONS USED IN SPRAYING. 
For Insects That Chew. 


ARSENATE OF LEAD. 


This poison is used very extensively. It can be obtained either as a 
paste or as a dry powder. The powder is about twice as strong as the 
paste, and only half as much of it is required in preparing spray mix- 
tures. Consequently it usually costs about twice as much as the paste 
per pound. Arsenate of lead is ready for use at any time and does not 
readily injure foliage. Furthermore, this poison can be safely used in 
the lime-sulphur sprays. Injury to tender foliage like the peach has 
occasionally occurred after spraying with arsenate of lead and water 
when the foliage was moist from dew or rain. When it is necessary to 
spray such tender foliage as that of peaches or Japanese plums, it is well 
to add from three to five pounds of freshly slaked or of hydrated lime 
to 50 gallons of poison spray. 

A simple easy way to work the thick pasty arsenate of lead into a 
thin, smooth paste is to put the amount required in a keg, add water and 
churn with a dasher, such as is used in an old-fashioned stone churn. 
The mixture is made much more quickly than when a paddle is used 
for stirring. 


ARSENATE OF CALCIUM. 


A new arsenical spraying material is coming into the market at the 
present time—arsenate of calcium. It has been tested to some extent 
during the past season, notably on potatoes and apples, and seems to 
resemble arsenate of lead in its nature and in its action on chewing in- 
sects. It costs a little less than arsenate of lead and is designed to 
take the place of the latter poison. This substitution would be desirable 
because of the necessity for using lead in other ways. Arsenate of 
calcium is sold as a very finely ground powder, and when used at the 
rate of 15% with hydrated lime or with other diluent it seems to be 
entirely successful in dusting operations. It can also be combined with 
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some other dusts. Some little time will be required to establish it as 
beyond doubt the equivalent of arsenate of lead for use in watery mix- 
tures. At present we are not recommending its use on stone fruits. It 
is hoped that eventually arsenate of calcium will take a place of equal 
importance with arsenate of lead in many sorts of spraying operations, 
and that it will prove as reliable when mixed with fungicides and con- 
tact sprays as the better known poison. The strength ordinarily recom- 
mended is 34 pound of the powder to 50 gallons of water, lime-sulphur 
or Bordeaux. When used alone in water, it is advisable to add two or 
three pounds of freshly slaked lime to each barrel of the-spray. 


PARIS-GREEN AND LIME. 


Never mix Paris-green with lime-sulphur in any form. Paris-green can, 
however, be used with Bordeaux-mixture with safety. 

For spraying from a barrel, the writer has found the following method 
very useful: Place from 14 to 1%4 pound of good lump lime, or unslaked 
lime, in each of 3 or 4 tin pails which will hold about 3 quarts or less. 
Old cans or crocks will answer just as well. Add enough hot water to 
slake it into a thin cream or paste. Now add to each lot 14 pound of 
Paris-green, previously weighed out, and placed in paper bags; stir while 
the lime is hot and allow to stand for some time. Now measure out about 
44 gallons of water in your spraying barrel, and make a mark that will 
show how high it comes in the barrel; add the contents of one tin pail 
(viz., 144 pound of Paris-green and 14 pound of quick-lime slaked) into 
the 44 gallons of water in the barrel. Stir well and spray. The pails 
or crocks can be used one at a time and re-filled occasionally so that 
the stock is always on hand ready for use. 


ARSENATE OF CALCIUM—KEDZIE-MIXTURE. 


This mixture, originated by the late Dr. R. C. Kedzie, of this station, 
is cheap, but it has the disadvantage of lacking a warming color. It is 
a good substitute for Paris-green, but must be made with care, and stored 
in well-labeled jugs. It is made of white arsenic (not arsenate of lead) 
and carbonate of soda. 

Dr. Kedzie in giving directions for its preparation says: “Dissolve 
the arsenic by boiling with carbonate of soda, and thus insure complete 
solution; which solution can be kept ready to make a spraying solution 
whenever needed. To make the material for eight hundred (800) gal- 
lons of spraying mixture, boil two pounds of white arsenie with eight 
(8) pounds of sal-soda (crystals of carbonate of soda—washing soda’ 
found in every grocery and drug shop) in two gallons of water. Boil 
these materials in any iron pot not used for other purposes. Boil for 
fifteen minutes or until the arsenic dissolves, leaving only a small muddy, 
sediment. Put this solution into a two-gallon jug and label, ‘Poison,’ 
stock material for spraying mixture.” 

“The spraying mixture can be prepared whenever required, and in the 
quantity needed at the time by slaking two pounds of (stone or lump) 
lime,* adding this to forty gallons of water; pour into this a pint of the 


*Three pounds of fresh hydrated lime may be made to take the place of the two pounds of 
stone or lump lime. 
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stock arsenic solution. Mix by stirring thoroughly, and the spraying 
mixture is ready for use. The arsenic in this mixture is equivalent to 
four ounces of Paris-green.” 

“The pot, jug, etc., must never be used for any other purpose after 
using it for making this mixture.” 

If an additional pound or two of lime be added to the mixture it will 
help to make the application permanent and conspicuous without in any 
way interfering with its effect. 

The final product obtained in the spraying tank is arsenite of calcium 
(not arsenate of calcium) which kills more quickly than arsenate of lead 
or arsenate of calcium. The formula given above was designed for 
spraying fruit trees. When this poison is used for potatoes, use twice 
as much of the stock solution, or 1 quart to 40 gallons of water. Some 
potato growers prefer to use it even stronger than this. 


CONTACT INSECTICIDES. 
For Insects That Suck. 
NICOTINE. 


The insecticide most generally used for sucking insects, at the present 
_ time, is nicotine. Nicotine is a clear, colorless, odorless material when 
pure, although the commercial preparations contain impurities which 
impart both odors and color to the spray. It is marketed in two forms: 
the volatile, plain nicotine and the non-volatile nicotine-sulphate. For 
use in greenhouses and forcing houses, the volatile, plain nicotine is 
preferable because it disappears from the plants treated rather rapidly, 
without leaving any deposit which would be dangerous or offensive. For 
out-door work, however, the sulphate is much to be preferred, since it 
is stable and does not evaporate and pass off into the air for a consider- 
able length of time, at least. A favorite strength for marketing nicotine 
is 40%, although some of the plain nicotines are put out at 10% and 
some even stronger than 40%. All references to nicotine made in this 
bulletin refer to the use of 40% nicotine-sulphate, since the bulletin deals 
with outside spraying and is not intended to include remedies for crops 
grown under glass or for vegetables such as lettuce, where the sprayed 
part is to be eaten soon after the application. Nicotine-sulphate may 
be stirred into the dilute lime-sulphur or arsenate of lead or a combina- 
tion of the two immediately before the spray is applied. It should not 
be stirred and allowed to stand before the application is made. In case 
nicotine is added to any other spraying compound, soap should never be 
added. In case, however, nicotine is used by itself alone and diluted 
with water, soap adds greatly to its efficiency by causing it to spread 
better and perhaps in other ways. The favorite strength used in orchards 
and small fruit spraying is 1 part to 800, in other words, 1 pint to 100 
gallons of water with 3 or 4 pounds of soap, or 1 pint to 100 gallons of 
dilute lime-sulphur without soap. Some growers dilute the nicotine 
still further, using 1 part to 1,000 of water or other spraying material. 
Of course, if one uses 10% nicotine, one should use four times as much 
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of it as if 40% nicotine were employed, and any strengths of nicotine 
other than those mentioned should be diluted in proportion to their 
strengths. 

KEROSENE EMULSION. 


Place two gallons of ordinary kerosene in a warm place, either in a 
warm room or in the sun, and allow to become as warm as possible with- 
out danger from fire. Boil 1 pound of laundry soap or whale oil soap 
in a gallon of soft water until completely dissolved. Remove the soap 
solution from the fire, and while still boiling hot, add the kerosene and 
agitate vigorously for 10 minutes, or until the oil is emulsified, with a 
spraying pump by forcing the liquid back into the vessel from which it 
was pumped. When the liquid is perfectly emulsified it will appear 
creamy in color and will flow evenly down the side of the vessel when 
allowed to do so. Care should be taken to completely emulsify the oil 
and this is accomplished much more easily when the mixture is hot. 

This strong emulsion may now be readily diluted with water and used, 
or it may be stored away for future use. When cold it becomes like sour 
milk in appearance and should be dissolved in three or four times its 
bulk of hot water before diluting with cold water. If the water is at all 
hard, “break” it by adding a little sal-soda before putting in the soap. 

Small amounts of this emulsion may be made by using the ingredients 
in small quantities, but in the same relative proportion. It is used at 
the rate of 8 or 10 parts of water to 1 part of emulsion. 


HELLEBORE, 


White hellebore is the powdered root of a plant. It kills both by con- 
tact and as an internal poison. It may be applied either dry or in the 
form of a liquid. When used dry it should be mixed with three or four 
times its weight of flour or of plaster and then dusted on the insects. 
Applied wet, one pound should be mixed with twenty-five gallons of water 
and this liquid applied as a spray. ‘ 


INSECT POWDER, BUHACH, PYRETHRUM. 


This valuable remedy has one drawback—its cost. It is too expensive 
for use on a large scale. It kills insects through their breathing pores, 
but is harmless to man and beast. It will kill many of the insects of the 
garden if dusted on or applied as a spray at the rate of 1 ounce to 2 
gallons of water. 

Use the powder when it is undesirable to use poison, but never buy 
any unless it comes in tightly sealed packages. It loses its strength 
on short exposure to the air. An hour will suffice to weaken it. It 
must be applied from time to time, as it quickly loses its strength. 


HYDRATED LIME. 


Freshly hydrated lime is sometimes useful, because of its slight caustie 
properties. It is especially useful against such larve of saw-flies and 
beetles as are sticky, as well as those of the cherry slug and of the 


asparagus-beetle. The lime may be dusted on and used as a substitute 
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for a poison if the latter for some reason is undesirable. This is not 
to be confused with ground quick lime, which is used in making Bordeaux- 
mixture, the latter being very caustic and likely to burn the foliage. 
Nor should hydrated lime be confused with air slaked lime, since the 
latter is not caustic at all. Hydrated lime, when dusted on_ sticky 
larvae, clings to their bodies and attacks them through their skins. 


POISONED BRAN (KANSAS BAIT). 


Sift together 1 pound of Paris-green or %4 pound of white arsenic 
(not arsenate of lead) and 20 pounds of bran; add half a gallon of 
molasses or syrup and a little water, and stir in three oranges or lemons, 
ground fine in a food-chopper, skins and all. This may be broad-casted 
over from 2 to 5 acres of land. It is very attractive to both cut-worms 
and to grasshoppers. Do not try to substitute any other poison for the 
Paris-green or white arsenic. Neither arsenate of lead nor arsenate of 
calcium will do the work unless very large quantities of the prison are 
used. Neither should one use this bait where poultry are likely to pick 
up much of it, although the bait should be distributed in a finely broken 
up condition rather than in lumps. 


CRIDDLE MIXTURE. 


Criddle-mixture is horse manure mixed with an arsenical, and slightly 
salted. It is to be distributed about the field in small masses, and is 
especially useful in combatting grasshoppers, as it takes advantage of 
their well-known love of salt. The proportions are about as follows: 

Paris-green, 1 pound; salt, 2 pounds; fresh horse manure, 100 pounds 
or five 3-gallon pailfuls. The salt is dissolved in a pail of water, the 
poison stirred in, and the whole mixed with the horse manure in a half 
barrel. 

LYSOL. 


For sterilizing knives, saws, shears and other tools, nothing is better 
than lysol used at the rate of from 2 to 5°, diluted with water. Lysol 
has the advantage that it helps cleanse the tools and softens dirt that 
might otherwise cling to them. It is useful for cleansing and sterilizing 
tools used in pruning where diseases are present and for sterilizing the 
knife used used in cutting out peach-borers, in order to avoid distributing 
crown-gall through the orchard. 


POISONED SYRUP FOR ONION MAGGOT. 


Dissolve 5 grams or 14 ounce of sodium arsenite in 1 gallon of hot 
water and add half a pint of New Orleans molasses. Distribute a small 
amount of this in small basins covered with wire screen of small enough 
mesh to keep out bees, using 15 or 20 of these basins to the acre, and put 
the pans in position just as the onions begin to nicely get through the 
ground keeping them replenished until the danger is past. It is said 
that the efficiency of this bait is increased if a slice of onion is added to 
the syrup in each pan. 

Two tablespoonfuls of the stock solution of Kedzie-mixture will take the 
place of the 5 grams of arsenite of soda. 
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CAUTIONS, 


Do not spray while plants are in bloom. It is prohibited by law, 
except when canker-worm is present, and may destroy bees and other 
beneficial insects. 

Do not dissolve copper sulphate in an iron or tin vessel. It will ruin 
the vessel and spoil the spraying solution. 

For all spraying solutions containing copper sulphate, the pump must 
be brass or porcelain lined. 

Wash out pump and entire outfit each time after using. 

Use arsenate of lead on stone fruits in preference to other forms of 
arsenical poisons. It is less liable to burn the foliage. 

Do not spray fruits or plants with poison within a month of’the time 
when they are to be picked. 

Keep all “stock solutions” covered to prevent evaporation, and oxi- 
dation. If a “spray gun” is used try to do the work when the mixture 
will dry on the tree quickly. 

Do not use lime-sulphur solution as a summer spray for grapes, pota- 
toes or tomatoes. 

Do not use Paris-green or Kedzie-mixture in combination with lime- 
sulphur sprays. 
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TABLE OF DILUTIONS FOR CONCENTRATED LIME-SULPHUR 


WASH. 
To spray for San Jose and other 
scale insects when plants are | gummer spraying for Apples, Cherries, 
dormant or just before buds and European Plums. 
open in Spring. | 
| 
| Amount below Amount below 
If Baume | should be diluted | If Baume test is | should be diluted 
test is | to 50 gallons. to 50 gallons. 
| | 
33 514 gallons 52 Od, Oo OF oi 114 gallons 
32 584 gallons 30, 29 or 28 14% gallons ~ 
31 6 gallons 27,26 or 25 | 134 gallons 
30 614, gallons 24, 23 or 22 2 gallons 
29 614 gallons 21, 20 or 19 | 214 gallons 
28 | 634 gallons | 
27 7 ~~ gallons 
26 71% gallons 
25 | 734 gallons | Summer Spraying of Pears. 
24 8 gallons 
23 814 gallons 
22 | 834 gallons | 
21 | 914 gallons > 33,52. 0r°3l || 1 gallon 
20 | 914 gallons 30, 29 or 28s 114 gallons 
19 10 ~— gallons 27, 26 or 25s 114 gallons 
18 1014 gallons | 24, 23 or 22 =| 13% gallons 
We 1034 gallons 21,20 or 19 | 2 gallons 
| 


THE FINANCIAL HISTORY OF A 12-YEAR OLD PEACH ORCHARD 


Special Bulletin No. 94 


BY H. J. BUSTACE AND F. M. BARDEN. 


INTRODUCTION. 


The peach has always been an important commercial hortic ultural crop 
in Michigan. The earliest ventures in extensive fruit erowing were with 
peach orchards in Western Michigan. No other fruit crop has a history 
of so many or so great financial successes or failures, and largely for these 
reasons fruit growers are always especially interested in the crop and 
everything pertaining to it. The financial record of twelve years of this 
15-acre orchard will be of value and interest. 

The financial account of any orchard enterprise is interesting to every 
owner of a similar property as it gives a basis of comparing their own 
costs and returns with others and may shed some light on orchard values, 
and the prospective fruit grower is always anxious to know the probable 
costs and returns. : 


PEACH PRODUCTION ON MICHIGAN FRUIT FARMS 


Peaches are nearly always grown on Michigan fruit farms along with 
other fruit crops. With the production of several other crops a system of 
farm management can be better and more economically managed. 

Also, the income from the farm is more likely to be uniform if more than 
one crop is depended upon. The peach is well-known to be a “fickle crop,” 
and there are very few regions or orchard sites that can be depended upon 
to bring forth a regular crop. 


DATA FOR SERIES OF YEARS DESIRABLE 


The financial statement of one or a few years of an orchard property is 
not of much value and it may be used in a misleading way. The only fair 
way to judge of returns from an orchard, especially a peach orchard, is by 
averages of a reasonable number of years. The costs should be considered 
in the same way. The peach is the shortest lived orchard tree, it begins 
to bear at an early age and reaches its time of unprofitableness sooner 
than any other. For this reason the expenses of starting and develop- 
ment during the first years when crops are not produced should be charged 
against the later years of crop production. 
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CONDITION OF THE ORCHARD 


The peach orchard considered here is owned by Messrs. J. K. Barden & 
Son. The records have all been taken by Mr. F. M. Barden. The orchard 
is of fifteen acres, located in Allegan County, Casco township, eight miles 
northeast of the city of South Haven. The early history of the orchard 
including a financial statement is given in Special Bulletin 65 of the Sta: 
tion in September, 1913, but the important points must be repeated here 
for a proper understanding for a later account. 

The orchard is located on good soil, a gravelly, sandy loam in most parts 
but clay in a few. The sub-soil is clay or sand. There is a gradual slope 
to the south and west and lower surrounding land gives excellent air 
drainage. 

Originally the land was covered with hardwood trees, beech and maple 
predominating. After clearing, general farm crops were raised. The 
present orchard is the third bearing peach orchard upon the same land. 
It was set in the spring of 1907 and includes 100 trees of New Prolific: 
370 Engles; 260 Kalamazoo; 120 Gold Drop; 125 Elberta; 100 Banner; 
100 Fitzgerald ; 275 Smock, and 200 Salways. As is not uncommon, some 
were not true to name. Of the Smock 120 were Champion and nearly all 
the Banner were unknown. The nurserymen made a refund when the mis- 
take was discovered. The trees were set 20 feet each way, which was a 
mistake; 24 feet or even more would have been better. 


THE ANNUAL RECORDS OF THE ORCHARD 


THE EXPENSES 


This orchard is part of a farm upon which other crops are produced, as 
apples, pears, plums, and quinces, also some general farm crops and a 
small dairy. 

All the labor whether performed personally by the owners or hired and 
horse labor whether done with teams owned or hired has been charged for 
at the “going rate” of the neighborhood. This varied with the kind of 
labor performed, the time of the year it was done, and with the different 
years. The pruning was considered “skilled labor.” The cost of labor in 
the spring and summer months was less than in the fall and the labor 
bills for the first years were smaller than for the later years as was com- 
mon with all labor. All expenses are charged to the orchard just as 
though actual cash was paid out or all the labor was hired. This is the 
correct way for purposes of accounting, but since the owners did consid- 
erable of the work themselves, they were getting pay for their labor in 
addition to the profit on their own property. 

An account of every item of expense has been kept. These items may be 
divided into two groups. One of such items as are necessary for the main- 
tenance of the orchard and must be assumed regardless of whether there 
is a crop or not and the size of the crop. They would include interest on 
the land, interest on the equipment, though most of it was also used for 
other crops, cost of the young trees and planting, pruning, dormant spray- 
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g, cultivation, fertilizers and cover crop seeds. The other group of 
expenses may be called “‘crop expenses” as they were necessary only in the 
crop years and their size depends a good deal on the size of the crop. 

These included the cost of summer sprayings, thinning, harvesting, pack- 
' ing, hauling to the shipping station, and packages. A brief statement will 
be given for each year of the expenses, returns and profit or loss. 


ing 


THE FIRST YEAR, 1907 


EXPENSES RETURNS 
Maintenance... 55-6 ; $291 18 Corn: Crop s....c an eee $509 50 
OPODEES otstos cies on eis 123 88 

Total for orchard.... $415 06 

Total per-aere:..=.. - mei al ON 
Net -prol :Lor -OLCHarG ec se Lye cate pie $94 44 
Net PROnigper ACle x ret .5° feds as oe 6 29 


Iidxpenses include the cost of the young trees. This year a crop of corn 
was grown between the tree rows, providing besides cultivation a worth- 
while revenue. 


THE SECOND YEAR, 1908 


EXPENSES RETURNS 
Maintenances: hee $225 25 None. 
Cropee et eee eae None 
Total for orchard:.. $225 25 
Total: per. acre... 3. 15 01 
Netlossitor Orehnard:s ss... cessnc oe aes $225 25 
INGE AOSNepEIra Cre iran ohne, ae oa, eset eee 15 “01. 


A crop was not grown between the tree rows this year, though it might 
have been had there been pressing need for the land and the time taken 
from other work to put it in. 


THE THIRD YEAR, 1909 


EXPENSES RETURNS 
Maintenance: 22.06... cc0e $204 60 Refund from nurseryman 
CFOD SS ites sete ct eione earaeot None for trees not true to 
NAMEGr saree BS ee $ 65 00 
Total for orchard... $204 60 
Total per acre ox. 13 64 
Net loss siorsorchand2... x. .srssecs Sees $139 60 


Net Joss “per gGre sc 5.7) J. scr tees 9 30 
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THE FOURTH YEAR, 1910 


EXPENSES RETURNS 
MaTMtenamee =: .cs wets eae 4 5238 28 None. 
(Cua ae Sie een a OR None 
Total for orchard.... $238 28 
Wotal per ACKE.< .:. 5. 15 88 
Net lossfor orchard... . 2.) ae ahiosmes = un> S2Oo: 20 
INGUSLESS PELSACKGS vio. oc 35 5 cy ens tare 15 88 


A peach tree usually produces a fair crop its fourth year. This orchard 
gave promise of a good crop at blossoming time but the unseasonable 
cold weather blasted the prospects. 


THE FIFTH YEAR, 1911 


EXPENSES RETURNS 


Maintenanee-.......7.... $276 53 2.089: bu. at $1.25. 2. 5:%. $2,548 75 
DYOP Sens. 22 sete cee 495 90 de bus ak Gho0. 7... as 12 50 
Total for orchard... $772 43 Total for orchard. . .$2,561 25 
Total per acre. 21... dl 49 Total per acre...... 170 75 

WEL PROIG LOT OLCHAPG ack 25 cain Sel eut. aw c0i8 $1,788 82 

INCE DFORG Het AClO? . v0.2 sivas vhs wie 119 26 

Cost per bushel for this crop was....... 37 

Net profit per bushel was.............. 86 


It should be noted that the returns from this first crop of fruit are much 
more than enough to pay for all the previous expenses. 


THE SIXTH YEAR, 1912 


EXPENSES RETURNS 
Maintenance ........... $303 96 2128: bushels ......-+..$2,920 99 
CORON: S 5 atta OF cP evcreie a nse 528 88 
Total for orchard... $832 84 Total for orchard. . .$2,920 99 
Total per acre...... 5D. 52 Total per acre...... 194 74 
MOE OORT LOTSOUCDARE.%.050 6 iss + sae stan $2,088 15 
WORADEONG TIGR AGG. wiv. . ceed oP emedia Fa 139 22 
Cost per bushel for this crop was....... 39 
Net profit per bushel was.............. 98 


During the past winter the farm thermometer registered 20° below 
zero, and some of the trees died which had appeared entirely healthy. 
This crop, larger than the previous year was borne on two-thirds of the 


orchard, as the lowest and highest part suffered the most injury from the 
cold. 
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THE SEVENTH YEAR, 1913 
EXPENSES RETURNS 
Maintenance x. 2... $322. 89 1,800 bu. at $1.00.......9 $1,800 00 
COD) oe os eee oe ee 432 24 
Total for orchard... $755 13 Total for orchard. ..51,800 00 
Total -per-acre. -.%. =. 50 3 Hota per acre. 3... es 120 00 
Nets pronironsOrcnwrGes = ono et asters 4 $1,044 S87 
INGE UPLOAD CR ACL Osis store ani ame-9-. nek. oe Pon 69 66 
Cost per bushel for this crop........... 42 
Net profit per bushels. sete Le, So. 58 


The comparatively small yield this year was due to a hard frost at 
blossoming time. The injury would have been more severe had not the 
orchard site been such as to provide good air drainage. The fruit was sold 
early in the season at a stated price. If sold at harvest time it would have 
brought fifty cents a bushel more. 


THY EIGHTH YHAR, 1914 


EXPENSES . RETURNS 

Mai MeNaMCe fet ac s,s ws $358 89 3,107 bu. at $1.10. 3. 2. $3,417 (0 
Oro passer ose ese Ge 933 88 COa° DU. LA ty avetn es 564 75 
OGipuai, 2= D0 Secs ee do OO 
Total for orchard. ..$1,292 77 Total for orchard. . .$4,015 45 
Total per acrer25..¢ 86 18 Total peracrées: 4.2 267 69 

Net promt forvorchards.: > (is. 2. sete $2,722 68 

Net proiipercdere. asses ce eee oe eee 181 51 

Cost per bushel forsthis crop. S25.251.'-.< BD 

Net-protit per. bushels eit ee hon oo ere 69 


The crop was again sold early in the season and for a better price than 
could have been secured at harvesting time. 

The purchaser was the same as last season so his losses were in a 
measure offset by his gains of last vear. 


THE NINTH YEAR, 1915 


EXPENSES RETURNS 
Maintenance ....... eats. 2 eee) D 22s ate pOASasc nte.: $1,090 56 
Gropn Ae aris ese carte de STS 86 
Totaltor- Orchards. | -pSio oD Total for orchard. ..81,090 56 
Total per acre ss. as. 58 22 Total per acre...-.. 72 70 
Neteproin-torsorehards st... .--. Sascet ee - S217 21 
Wet prot sWereaclese : i. este ae eae 14 48 
Cost: perbushel tor chs’ CLop.. spss seer 38 


Net. promt perbushel.s sc. sod wean cee 10 
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There was an unusually large peach crop in all sections this year hence 


the low price. It was impossible to make sales in advance so they were 
made at harvesting time. 


THE TENTH YEAR, 1916 


EXPENSES RETURNS 
Maintenanee ~.:... 6S. bes $254 57 3,103 bu. at $0.94. ......$2,832 22 
COO Wisiere aeusea 7 Sette ee Bet oeee S09 94 - 
Total for orchard. . .$1,064 51 Total for orchard. . .$2,8382 22 
Total per acre...... 70 96 Total per acre...:... 188 81 
Nel prot tor ovebartic. 2. o.S.cke. Be $1,761 71 
NELIDROMGPClVACVOS oi foigee Ui ei) oleae oe ore 117 85d 
Cost per bushel for. this crop=....:...... Bd 
Net: proiue. per Washel: gr. cidoue:< 56) = «r= 2s 59 


ThiS was a very satisfactory season. Nothing of unusual importance 
occurring. 


THE ELEVENTH YEAR, 1917 


EXIENSES RETURNS 
Maintenance :......<.5. $272 85 BELO De. Be Plas. ha. $1,672 50 
POM ts. ote te trae ace Weg Fake 345 89 
Total for orchard... $618 74 Total for orchard. ..$1,672 50 
MOtak Per CTE... « »:-.4. 41 25 Total per acre...... 111 50 
INGht Pron, FO OFCHArC...cy..udniein te orth a a $1,053 76 
NCE REONE Peri Ane wkieg os See ss acre ost TW 25 
Cost per bushel for this crop........... DD 
Net PLOUs POLADUAMPL «coi ws wine ba eres 95 


The severe winter shortened this crop, although some varieties would 
have been light as not many fruit buds developed. A light crop through- 
out the country made a good price. 
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THE TWELFTH YEAR, 1918 


EXPENSES RETURNS 
MaimtenanGe recs. wis 5 see 2 4360 44 GLA pus at $20 amas es $1,535 00 
CrOpicnie eee eenk ere pines LIK eo" Sel. cat. 5. 00s. ciccnn ote 24 00 

LAID U yell 5-0) Olen ttes. eho ene 8 00 
212-5 bu. at $1.75... .. 37 45 
Sierates $2.00). ete 22 50 
Total for orchard... $538 41 Total for orchard. . .$1,626 95 
otal. perjiaere.2e% ... ad 8) Total per acre...... 10S 46 
iNet protit- for orchard... 3.7.) yos. ose oh $1,088 54 
Neb pront= per acre: <: as. peers Te 72 57 
Cost per bushel for this crop........... 82 
Net profit per bushel cextee ps aa <i on = 1 72 


A very severe winter caused the small yield. Many trees were killed in 
neighboring orchards that were not well located. The old wood of nearly 
all of the trees was discolored and at picking time it was discovered the 
limbs were very brittle. Hardy varieties as the Kalamazoo and Gold Drop 
bore very well while the other varieties were light. 

The crop was nearly all sold to a canning factory without sorting or 
grading. 


A summary of all the accounts is given in Table I for ease of compar- 
ison. 


TABLE I—ANNUAL TOTAL EXPENSES AND RECEIPTS AND NET PROFIT OF 15-ACRE 
PEACH ORCHARD. 


For entire orchard. Per acre. 
Year. Age 

Total Total Net loss or Total Total Net loss 

expenses. receipts. profit. expenses. receipts. or profit. 
LOO. sya. $415 06 $509 50 $94 44 $27 67 $33 96 $6 29 
OOS Ss. oe 2 yrs. 225.25 None 1225025 15207! None L501 
19092.) SiyrS> = 204 60 65 00 L139 60 13 64 4 33 L9 31 
TOTO Ase 4 yrs 238 28 None L238 28 15 88 None L 15 88 
LOI 5 yrs T1243 2-061 625 1,788 82 51 49 170 75 119 26 
OND nster 6 yrs 832 84 2 ,920 99 2,088 15 55 52 194 74 139 22 
NOUS 7 yrs (hss) 1s} 1,800 00 1,044 87 50 34 120 00 69 66 
1914..... 8 yrs 292d 4,015 45 2,722 68 86 18 267 69 181 51 
LOS pare 9 yrs 873 35 1,090 56 Ae OHI 58 22 72 70 14 48 
LOUGH ae! 10 yrs 1 064 51 QeSo2uee, 1,767 7h 70 96 188 81 117 85 
OMG werent 11 yrs 618 74 1 ,672°50 £053) 776 41 25 MA 50: 70 25 
VOUS coi 12 yrs 538 41 1 ,626 95 1,088 54 35 89 108 46 oa Ore 
Totals.|......../$7 ,831 37 | $19 094 42 |*$11 ,263 05 $522 O5 |$1 272 94 $750 89 


*The expenses are deducted for the three years (1908, 1909 and 1910) when there was not 
a crop. A diagram of the costs and returns is shown in Figure 1. 
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From this summary a balance sheet or a statement that tells the all im 
portant facts may be computed. 


TABLE II—BALANCE SHEET FOR 15-ACRE, 12-YEAR OLD PEACH 


ORCHARD 
EXPENSES RETURNS 

Total cost for orchard... 87,831 37 Total returns for or- 
Average cost per year... 652 61 CHaAMG 2). ote pee aes nie $19,094 42 

Average cost per acre per Average returns per 
VGATE Gs areas ais erate oo eee 435 50 VG een niche rs sate (ore ier 1,591 20 

; Average returns per 
ACEC WPET a Vedi wei ec 106 OS 

Net profit for the orchard..............$11,263 05 

INET prolits per Year tees «oo tne eee 938 58 

Net profit per acre per year... 0.0%... 2. . 62 57 

Net profiteper bushela(16,972) 32. 2: =. 66 


An overhead charge should be made to provide for the orchard’s share 
in the farm buildings, though none for the orchard especially have been 
erected, nor existing ones changed. Therefore, such an item can only be 
estimated and might be assumed at 214 cents per bushel which would 
amount to $424.30. 

Another expense would include the cost of clearing the land when the 
trees become unprofitable or killed by a freeze. 


REMARKS 


PRESENT CONDITION OF THE ORCHARD 


The orchard is still in excellent condition. The crop of 1918 would in- 
dicate this following a winter of the lowest temperatures in many years. 
If the trees had been set 24 feet apart instead of 20 feet, it would have 
been better as they would have then developed more fruiting surface. How- 
ever, there should be five or six more crops from this orchard before it 
becomes unprofitable from age. The first peach orchard on this site pro- 
duced 12 crops and the second orchard was four years old when it was so 
badly damaged by the freeze of October, 1906, that it was pulled out but 
had produced one crop. 


VARIATIONS IN THE YIELDS AND PRICES 


One of the most prominent things in the account is the wide variations 
in the size of the crop and the prices received. The care of the orchard 
vas the same every year; one season as near like another as possible. The 
crop did not increase regularly with the increased size or age of the trees. 
The weather for the year is all that will account for the differences, and 
shows its tremendous influence on peach production in this region, which 
is not unlike all parts of the state when peaches are grown commercially. 
Peach crops of uniform size cannot be depended upon nor should they 
be expected. Averages must be the rule of measure. 
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Variation is not confined to yields but shows probably to a greater 
degree in the prices realized the different years. These differences are 
largely accounted for on the size of the general crop, and to some extent 
on the time of marketing this particular crop and the competition they 
happen to meet with at that time. This may be with peaches from nearby 
or far distant sections or from other products that can take the place of 
peaches. Uniform prices cannot be depended upon nor should they be 
hoped for, unless a contract is made for a term of years with a canning 
factory. However, this is not commonly done. The hope of a large crop 
and high prices is too alluring. 

The good grower does not become discouraged with poor years or when 
he has a large crop to move at low prices or a small crop at only fair 
prices. He possesses a love for and faith in the business and a vision big 
enough to keep him ever hopeful and looking forward. The man who does 
not have these qualities had better leave peach growing alone. 


NECESSARY CASH EXPENDITURES AND HARVESTING EXPENSES 


From the complete accounts it is possible to select the items for which 
actual cash was paid. These would be nursery trees, spraying materials, 
fertilizers, and cover crop seeds. Labor is not included, though part of it 
was hired, but used for other crops produced on the farm. These items 
give a.fair basis for comparison with similar orchards as peach orchards 
on most Michigan farms have been developed just as this one has, being 
a part of a general fruit farm, and the owner usually cannot tell how 
much it has cost further than to know the actual cash outlay. 


TABLE III—ACTUAL CASH SPENT FOR SUPPLIES AND MATERIALS FOR 15-ACRE 
PEACH ORCHARD. 


For entire | For entire | 
Year. | orchard. Per acre, Year. orchard | Per acre. 
1907.. $122 55 $8" 17 1913 $104 O08 $6 93 
1908... 8 50 56 1914 138 71 9 24 
1909. 14 50 96 1915 49 9S 3 33 
1910 15 37 1 02 1916 aL. 72 3 44 
1911. 38 13 2 54 | 1917 59 31 3 95 
1912 28 84 Yr 92 1918 48 92 3 26 


The expenses in connection with harvesting the crop may well be consid- 
ered by themselves. They are not incurred unless there is a crop of fruit 
and they depend upon the size of the crop. Furthermore they are not diffi- 
cult to meet as buyers and marketing associations will usually make ad- 
vances payments of sufficient size to more than pay for all harvesting 
expenses. 

The amounts necessary to handle these crops will be of interest. They 
include the expenses of picking, sorting, packing, hauling, and packages. 
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TABLE IV.—EXPENSES IN CONNECTION WITH MARKETING CROP OF PEACHES FROM 
15-ACRE ORCHARD. 


Expenses Epxenses 
Year, Size of for Per Year. Size of for Per 
crop. orchard. acre. crop. orchard. acre. 
A901. OAs sell, eee UOe SAG 7 Sow ole LO LOM ee. weeree eared meee gie, $535 52 $35 70 
OUD fae eee Les 511 93 SA BOW aes wo OLS 751 34 50 09 
VOUS eo ic/acne eae! 1,800 405 87 QT ODN VIO tea 5 ie sy 328 28 21 88 
IQA PONS eace ono 526 866 26 BT sO mil Slower wruetonee 640 146 37 *9 75 


*Packages were not purchased this year. The crop was sold to canning factory and pack- 
ages furnished. 


COST SHEET 


A cost sheet for the life of the orchard is given in Table V. The relative 
costs and expenses of the many orchard and harvesting operations may be 
compared. 
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CONCLUSIONS 


The orchard is an average one of the better class for the southwestern 
part of the state. The soil is good, the location such as should always be 
selected for peaches. The care at all times has been intelligent and thor- 
ough. It did not come into bearing unusually early and has lived through 
average and severe winters, the yields have been light and heavy, prices 
low and so high as to be spoken of as “record breaking.” If it were de- 
stroyed now, it would have paid well. 


MUSKMELON CULTURE IN MICHIGAN 


Special Bulletin 95. 


BY C. W.-AWAID. 
Adaptability 


The muskmelon is grown commercially in certain sections in the 
southern and central portions of Michigan. It is a favorite garden crop 
in all parts of the state where it can be matured. It is a heat loving plant, 
and does best where the summers are long and warm. 

By starting the plants in a greenhouse or hotbed and transferring them 
to the open ground as soon as the weather will permit, muskmelons may be 
successfully grown where the summers are too short for the fruit to reach 
maturity when the seeds are planted in the open ground. The fruit will 
be of better quality when the rainfall is light than when it is excessive 
during the period of later growth and maturity of the melons, although a 
uniform supply of soil moisture is essential for best results. 

The muskmelon may be grown on a variety of soils. As a commercial 
crop it is usually raised on loamy soils. A warm sandy loam because of 
the ease of working and earliness of maturity of the melons, is especially 
well suited to this crop. Practically any soil which can be used for gard- 
ening may be put in condition to produce melons. The location should, 
however, be free from danger of late spring and early summer frosts. The 
essential soil requirements are thorough drainage, an abundant supply 
of readily available plant food, and a mechanical condition which is like 
that of a virgin soil. It is fully as necessary that the soil be mellow and 
well supplied with organic matter, as it is that a good supply of plant 
food be available. 

Rotation 


If a rotation of crops is possible it will be advantageous to plan a sys: 
tem in which melons follow clover. Such a system helps add fertility, im 
proves the mechanical condition of the soil and lessens the danger from 
melon diseases. 

Even if a crop rotation is not practicable, as is usually the case on truck 
areas, the growing of clover or other legumes as a cover crop will help to 
keep the soil in good condition for other crops as well as for melons. A 
rotation of crops on a truck farm should be followed which will avoid the 
necessity of growing melons after melons. On small garden areas the 
hills of melons should be changed from one place to another each season. 


Varieties 


Careful consideration must be given to the selection of varieties whether 

grown for home use or for market. If the crop is grown commercially the 
- market requirements must be known. For a local market in the southern 
part of the state the large fruiting sorts such as Osage (Miller’s Cream) 
and Tip Top will usually be satisfactory. They are of superior quality 
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but are not as suitable for long distance shipments as are some of the 
smaller varieties. In selecting varieties for the home garden, quality 
comes first. The early maturing varieties must be selected for the cooler 
parts of the state. 


Emerald Gem: A high quality extra early variety. Fruits medium 
size, nearly round, heavily ribbed. Flesh very thick and salmon in color. 
Small seed cavity, and thin rind. Too soft to ship well, but because of its 
earliness and good quality is well suited to the home garden. 


Batra Barly Hackensack: A light green flesh melon of good quality. 
Adapted to the home garden and suitable to ship. Its chief merit is early 
maturity. 


Paul Rose, or Petoskey: A cross between Osage and Netted Gem. Of 
larger size than Rocky Ford and with deep orange flesh. Well adapted to 
shipping in baskets or crates. 


Rocky Ford: The variety that has made Colorado famous as a melon 
growing state. Flesh green and when grown from pure seed and under 
good cultural conditions is of fine flavor. It is very uniform in size and 
especially well suited to the shipping trade. 


Hoodoo. 


Hoodoo or “Hearts-of-Gold:’ This variety is listed under the name 
“Hoodoo” in several seed catalogues. It is grown on a large scale near 
Benton Harbor, Michigan, by Mr. R. Morrell, the originator, under the 
name of “Hearts-of-Gold.” It was an accidental cross found in a field of — 
Osage and supposed to be a cross between Osage and Netted Gem. 

The vines are vigorous and productive. Fruit very uniform in shape 
and nearly round. The netting is very dense and fine, extending over 
practically the entire surface. The rind is thin but firm. Flesh very 
thick, salmon in color, of fine texture and superior flavor. An excellent 
shipping melon, 
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Osage or Miller's Cream: A popular green skin, salmon flesh variety of 
excellent quality. A favorite with the consumers when they learn to know 
the variety and its superior merit. Somewhat inclined to crack, especi- 
ally when the soil moisture is variable. Well suited to the home market 
and home garden. 


Osage. 


Tip Top: A large sized salmon flesh melon of excellent quality. Re 
quires a long season for its best development. 


Seed Selection 


Varieties of melons may be improved through proper seed selection. 
When saving seed, it is not enough to select the best melons without con- 
sidering the vines upon which they grow. [Tor profitable melon growing 
there must be quantity as well as quality. To get the most desirable 
seeds they should be saved from melons taken from vines which produced 
a large number of fruits of uniformly good quality and most nearly the 
ideal type. The character of the adjacent hills should also be taken into 
consideration, because of the likelihood of crosses having taken place. 
The ability of the plant to resist disease is also important. Disease resis- 
tant strains may be developed through proper and careful seed selection. 


560 STATE BOARD OF AGRICULTURE. . 


Starting the Plants 


In the Greenhouse: It would not be economy to build a greenhouse in 
which to start melon plants, but growers who have greenhouses which are 
used for other crops usually make use of the houses for that purpose. 


In the Hotbed: Ufa greenhouse is not available a hotbed is usually used 
in which to start the melon plants.* 


Watering the plants in the hot bed. 


In the Coldframe: A coldframe is similar to a hotbed, but it is not built 
as permanent and manure is not used in it to supply heat. When covered 
with glazed sash it may be used in which to start melon plants. It may 
also be used as a place in which to harden off the plants which have been 
started in a greenhouse. 


Planting the Seed and Care of the Plants 


The most common practice when plants are started under glass is to 
plant the seeds in soil placed in old strawberry baskets, paper or Clay 
pots, or dirt bands. Some growers use inverted sods cut into squares in 
which to plant seeds. The soil used in the pots or dirt bands must be pre- 
pared with much care. One method in common use consists of composting 
sod and manure. The preparation of the compost heap is described in 


_* Full instructions for the construction of a hotbed and coldframe can be found in Extension 
Circular No. 20, 
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detail in Extension Circular No. 20. Another method is to mix well de- 
composed stable manure and garden loam soil. More manure should 
be used when it is mixed with soil than is necessary when it is composted 
with sod. In either case, thorough mixing should be done and the soil 
should be carefully sifted before it is ready for use. 

Four or five weeks before the plants can safely be set in the field the 
melon seeds should be planted. When strawberry baskets, pots, or dirt 
bands, are used, they should be placed close together in the greenhouse, 
hotbed, or coldframe, and filled level full with this specially prepared soil 
and then compacted by pressing it with a piece of wood. Unless the soil 
is very moist it should be watered before the seeds are planted. Irom two 
to four seeds are placed in each basket, pot, or dirt band, and covered 
with not more than one-half inch of fine loose soil. 

The temperature in the greenhouse or hotbed should be held as near 70 
as possible at night and on cloudy days and at least 10° higher on bright 


One day’s picking of Osage. 


days. Apply water only on bright days and early in the day so that the 
foliage will dry before night. Do not allow the plants to become dry 
enough to wilt, nor should they be over-watered. Give ventilation when- 
ever the weather permits. 

The melon plants must be hardened off before they are taken to the 
field. This may be done in the greenhouse by keeping the ventilators open 
wide, and in the hotbed by removing the sash. If a coldframe is available, 
it is a good plan to remove the melon plants from the greenhouse to the 
frames a few days before they are to go to the field. The plants are easily 
injured by low temperature and cold wind. 


Preparing the Seedbed 


Some growers prefer fall plowing while others practice early spring 
plowing. In either case the soil should be worked as early as can be done 
in the spring. A deep, well pulverized seedbed is very essential for the 


562 STATE BOARD OF AGRICULTURE, 


growth of the melon plants. It is not advisable to plant melon seeds or 
set melon plants until the soil has become warm and the danger of frost 
is past. Frequent harrowing from the first working until the seeds are 
planted or the plants set is necessary for best results. Such working will 
not only put the soil in good physical condition, but will destroy a good 
many weeds and make the work of later cultivating much easier. 


Fertilizing 


Manure: Well rotted stable manure is the best form of fertilizer for 
melons. Bulletin No. 155 Illinois Agricultural Experiment Station, “I er- 
tilizer Experiments with Muskmelons,” gives results secured by the 
[linois Experiment Station and the manure applied broadcast and also 
in the hills gave the largest net return. When used in the hills it should 
be well composted or decayed. 

Commercial Fertilizers: It is usually profitable to supplement the 
manure with commercial fertilizers. A 4-8-10 formula is recommended as 
one which may be used profitably on most soil types when the fertilizer 


A wagonload of Melons ready to ship. 


can be purchased at normal peace time prices. If clover is plowed under, 
the percentage of nitrogen may be reduced. From 500 to 1000 pounds 
per acre is the amount used by growers in various parts of the country. 
Lighter applications may be made when manure is used in liberal amount. 
When a heavy application of fertilizer is made, from one-half to three- 
quarters of it may be applied broadcast with a fertilizer distributor or a 
erain drill with a fertilizer attachment. The remainder of the fertilizer 
should be applied in the hills and thoroughly worked into the soil before 
the seeds are planted or the plants set. Nitrate of soda is sometimes ap- 
plied in small amounts around the growing plants, but it must be used 
with care to prevent burning the foliage. 


Planting the Seeds in the Field 


Melon seeds may be planted in the field a few days before it is safe to 
set the plants. Care must be taken to drop the seeds into fine, moist soil. 
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Tf the soil is firmed with the hoe it is a good plan to draw a little more 
soil over the hills after the firming is done. It is well to plant a large 
number of seeds, a dozen or more, in each hill to overcome the injury or 
loss from cutworms and striped beetles. The seeds should be scattered in 
the hill, as there is less chance of the cutworms destroying all of the 
plants than when they are planted ina bunch. It is also a good plan to 
make two or three plantings a few days apart. This will insure a good 
stand and the extra cost of labor and seeds will not be large. 


Setting the Plants 


When the plants have been started in the greenhouse, hotbed, or cold- 
frame, take great care in transplanting not to disturb the roots or soil. It 
is easier to transfer plants started in sods or dirt bands without injury 
than when they are started in clay plots. When the plants are taken to 
the field, the dirt bands are lifted by means of a spade or flat shovel and 


A promising field of Melons. 


placed on a wagon bed with a level bottom. The band is not removed until 
the plants are in the hill, where they are to remain, and the soil has been 
drawn up closely about the outside of the band. The soil should be 
pressed gently about the plants, but not packed hard enough to disturb 
the roots. 


Spacing 


Muskmelons are planted in hills or drills. On light soil where the vine 
growth is not heavy, four by four feet will be sufficient. On richer soils, 
five by five feet is better; and on some soils, six by six feet will not be too 
far apart. Some growers prefer five by seven, or four by six feet spacing. 
When the melons are drilled, the rows are seldom less than six feet apart, 
and the plants from one to two feet apart in the rows. One plant in a hill, 
as well as each plant by itself in the drill, is the more common practice. 
It is seldom advisable to leave more than two plants in each hill after 
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the vines have begun to form, Some growers thin to one plant in each 
pot or dirt band before transplanting to the field. 


Cultivation 


The day the plants are set the cultivator should be started. Cultivation 
should also begin as soon as possible when the seeds are planted in the 
field. Few crops respond as readily to frequent and thorough tillage as 
melons. It is injurious to the growth of the melon plants to allow the 
formation of even a slight crust about the plants unless it is broken very 
soon after forming. The cultivation should continue as long as is possible 
without danger of injury to the vines. and at frequent intervals. After 
the vines have begun to: form, the cultivator should be kept at a safe 
distance from the plants, so that the vines will not be injured. All eulti- 
vations, after the first one or two, should be shallow. It is sometimes 
advisable to fasten a two by four or similar piece of wood to the back 
teeth of the cultivator to keep it from going too deep, and at the same 
time to leave the ground level. 


Properly packed (below) ; poorly packed (above). 


In some sections of the country melon growers are making a practice of 
“windrowing” the vines. This plan permits the running of the cultivator 
much later in the season than where the vines are allowed to spread over 
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the ground. It also makes the spraying and picking easier and there is 
less danger of damage to the vines by tramping when picking. 


Harvesting 


When the melons are to be sold on a local market they should be allowed 
to fully ripen on the vines. The stage of maturity can be determined by 
the color and netting of the skin and the condition of the stem where it 
connects with the melon. If the melon separates readily from the stem it 
is considered ripe. When the melons are to be shipped they should be 
picked somewhat sooner than is advisable for local trade. It requires 
experience and practice to tell just when each melon is ready to pick. To 
secure uniformity of ripeness and to avoid overripe melons: the vines 
should be gone over carefully every day. A half bushel basket is a con- 
venient gathering receptacle. 


A good setting of Osage. 


Preparing for Market 


Melons should be graded as to size and quality. Hand grading is done 
except when the area grown is very large, In most cases three grades are 
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made. The size for the various grades will be governed largely by the 
kind of melon grown. Mr. R. Morrell grades his “Hearts-of-Gold”. brand 
as follows: 

“All sizes under four inches in diameter are culled out. All melons four 
inches in diameter are packed in standard crates which have 12 by 12 
inch heads and are 24 inches long. These crates contain 45 melons when 
filled. All melons 414 inches in diameter are packed in flat crates with 


Three kinds of Melon Packages. 
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41% by 131% inch heads and 24 inches long. The 5 inch grade is packed in 
flats with 5 by 15 inch heads and 24 inches long. The two sizes of flat 
crates each hold 15 melons. 

“To grade for quality all imperfect and low quality melons are culled 
out before they enter the grader. All sizes are of as nearly uniform good 
quality as is possible to judge of them from outside appearance. Fre- 
quent cutting tests are made to assist in determining the quality.” 

The picture on page 566 shows the kind of package Mr. H. B. Blandford 
uses in which to pack Osage melons. This illustration also shows how 
important it is to pack the melons regularly and systematically, rather 
than in a haphazard way. Climax, or similar makes of baskets, made in 
different sizes but usually small, are commonly used, in which to pack 
varieties of small, average size, such as the Rocky Ford. Bushel baskets 
without covers are frequently used in which to handle melons for local 
trade. 

Whatever the package, it is important to grade to a uniform size and 
good quality. Melons which have no flavor, or are of decidedly inferior 
quality, should never be offered for sale. Poor melons have a very depress- 
ing effect upon the market demand. When a grower has melons of good 
quality and grades them properly, he should “brand” the packages in 
which they are shipped. Selling under a “trade mark” is just as impor- 
tant for the melon grower as for the manufacturer or for any other class 
of producers. 


ANALYSES OF INSECTICIDES AND FUNGICIDES 


Special Bulletin No. 96 


BY ANDREW J. PATTEN AND E. F. BERGER 

The purpose of the insecticide law (Act 254, Public Acts 1915) is to pre- 
vent the sale of misbranded or adulterated materials intended for use in 
“preventing, destroying, repelling or mitigating” insects or fungi that may 
infest vegetation or “be present in any environment whatsoever.” This 
applies not only to materials used in spraying fruit trees, vegetables, etc., 
but to all materials or mixtures intended for combating insect pests of all 
kinds wherever found. 

All lice powders, cattle dips, roach exterminators, smut destroyers, etc., 
come under the requirements of the law. 

The law provides that all such compounds or mixtures must bear the 
name and address of the manufacturer and also the “correct names and 
percentage amounts of each and every ingredient of the insecticide or 
fungicide having insecticidal or fungicidal properties and the total per- 
centage of inert ingredients.” The law further provides that an article 
shall be deemed to be misbranded if the package or label under which it is 
sold “shall bear any statement, design or device regarding such article or 
the ingredients or substances contained therein that shall be misleading 
in any particular.” 

COLLECTION OF SAMPLES 


One hundred sixty-eight samples were collected during 1917 and 1918 by 
official inspectors sent out by the Chemical Section. These samples rep- 
resent a wide range of materials and, for the most part, were taken in 
original packages. 

During 1917 special attention was given to proprietary smut remedies 
and formaldehyde solutions. In 1918 our attention was turned partic- 
ularly to commercial bordeaux and bordeaux-arsenate preparations. 


CONCERNING LIME-SULFUR 


The use of lime-sulfur solution has now become a fixed part of every 
fruit-grower’s program. Long ago this material passed from the experi- 
mental stage and for several years it has been regularly used both as a 
winter and summer spray. 

Within the past few years several attempts have been made to prepare 
a substitute for the solution that could be put on the market in the dry 
form. The first of these preparations to appear in the State was “Soluble 
Sulfur Compound” manufactured by the Niagara Sprayer Co., Middle- 
port, N. Y. This, however, is not a lime and sulfur combination but one 
of sodium and sulfur. Four samples analyzed during the past two years 
show an average total sulfur content of 53.39 per cent. The compound 
is fairly readily soluble in water and for winter Spraying should give 
results comparable with those obtained with ordinary lime-sulfur solution 
if used in equivalent strength. It cannot safely be used as a summer 
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spray in combination with lead arsenate, as a soluble arsenate is likely to 
be formed which will cause burning of the foliage. 

Later Sherwin-Williams Co., Cleveland, Ohio, placed on the market a 
dry lime-sulfur compound. In this preparation, sulfur is combined with 
lime in the same ratio as it exists in the commercial lime-sulfur solutions. 
It may be used for both winter and summer spraying. The average of four 
samples analyzed during the past two years shows 52.42 per cent total 
sulfur. 

Both of these preparations have been widely advertised during the past 
two or three years and, therefore, demand more thai passing notice. The 
claim is made by the manufacturers that 10 to 14 pounds of these dry 
preparations dissolved in 50 gallons of water are equivalent to 614 gallons 
of lime-sulfur solution testing 33° Baume. Let us see if these claims hold 
true. 

A barrel, or 50 gallons, of lime-sulfur solution testing 
weighs approximately 600 pounds and by analysis has been found to con- 
tain 26 per cent sulfur and 10.50 per cent lime (CaQ). Consequently a 
barrel of such solution would contain 156 pounds of sulfur and 65 pounds 
of lime or a total of 219 pounds of dry matter. In other words, a barrel 
of lime-sulfur solution testing 33° Baume would yield, on evaporation, 
approximately 219 pounds of dry lime-sulfur. Now 61, gallons or one 
eighth of the barrel, would contain the equivalent of 27 pounds of dry 
lime-sulfur.* Since the commercial dry lime-sulfur is prepared by first 
making the solution and then evaporating the water it is not reasonable to 
believe that a given amount of the dry material will be any more efficient 
when dissolved in water than it was in the original solution before the 
water was evaporated. 

The process of making the dry sodium-sulfur compound is different 
from that employed in making the dry lime-sulfur but since it contains 
practically the same amount of sulfur, the same number of pounds should 
be used to be equivalent to 614 gallons of solution testing 33° Baume. 

The preceding comparison is based upon the assumption that the -dry 
preparations will be entirely soluble in water. This, however, is very 
seldom true especially if the packages have been open for any length of 
time. In nearly every sample examined we have found a small amount 
of insoluble residue which was found to be sulfur. - 

It is now generally recommended that 514 gallons of 33° Baume lime- 
sulfur solution be used for dormant spraying. Based upon the analyses of 
several samples of dry preparations 26 pounds should be used in 50 gallons 
of water to make a solution of equivalent strength. 

The dry preparations made by the Niagara Sprayer Co., and Sherwin- 
Williams Co., have been taken as examples of the two most common sub- 
stitutes for lime-sulfur solution. What has been said of them will apply 
also to the same products made by other companies. 

In addition to the preparations referred to in the foregoing discussion, 
mention should be made of the product known as “B T S” manufactured 
by the General Chemical Co.; New York, N. Y., (formerly Thomsen Chaim- 
ical Co.). Although none of this has been found in the State it is under- 
stood to be a combination of barium and sulfur, and, as in the foregoing 
es its efficiency should be figured on the basis of the total soluble 
sulfur. 
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LIME-SULFUR SOLUTIONS 


AND SOLUBLE SULFUR COMPOUNDS 


Baume. Total sulfur. 
2% Se : Calcium 
No. Manufacturer. fess poly- 
Found. Guaran- Found. Guaran- | sulfide. 
teed. teed. 
136 | Hazeltine & Perkins Drug Co.,. % gq, % 
Grand Rapids) Mich;,.-> =: SRG Calli tse setae. < DESOTO Sno tease 29.60 
158 | Imperial Chemical aa Grand 
Rapids. Mich,. . ans ae SA sO Oe ee see oes 24.79 29.70 
160 | San-O-Cide Spray Co,. Fennyille. 
ich,. Sree 32.4° 25.60 25 30.65 
175 | South Haven ‘Chemical Co. ‘South 
Haven. Mich,. 3 Be ae Ryd 510 jd 25.75 30.34 
DRY PREPARATIONS 
Baume. Total sulphur. 
) Sodium 
: poly- 
No Manufacturer, Found. Guaran- | Found. | Guaran- | sulfide. 
teed. teed. 
166 | Sherwin-Williams Co,. Cleveland. % % 
OBLOis aR a a epee eae ho eae eral ety Pca sear eee ete. S2eilD 58.94 
177 | Sherwin-Williams Co,. Cleveland. 
OT Oe aa ee Oe CRGEA oe eee ~58.72 63 13 
322 | Sherwin-Williams Co,. Cleveland. 
ODIOL RA es a ee rots te eal ace eac eeyre eal eae eee eee 50.70 49.73 
320 SHEE Waa Williams Co,. Cleveland. 
50.55 ol EwO 
415 Wetwae White Lead Works. Detroit. 
; ING DY) Beaten & 63.82 70.74 
SOLUBLE. SULFUR COMPOUNDS (SODIUM POLYSULFIDES) 
Z Baume. Total sulfur. 
No. Name and manufacturer. Sodium 
poly- 
Found. | Guaran- | Found. | Guaran- | sulfide 
teed. teed. 
128 | Sulfocide—B, G, Pratt Co,. New To % 
York. 41.2° 36.15 44.59 
187 | Soluble Sulfur ‘Compound—Niagara 
Sprayer: Co; Mid dleport: SN; Ys. ite ke tebe ee ALAS al Pee en ne 48.92 
179 | Soluble Sulfur Compound—Niagara 
SpLayersCo;- MiGaGlEporbseN sss © |fs m cneeel wee ated eneucrieetareess 52.70 AZ AT 
318 | Soluble Sulfur Compound— Niagara a 
SprayerC 0; eMaAdadleport-sNi je Yes oe) |p tere eee esos eteee ain 53.407 49.72 
344 | Soluble Sulfur Compound— Niagara 
Sprayer Co,. Middleport. N, Y,..|. 53.24 55.64 
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ARSENATES 


Arsenate of Lead Paste. Ten samples were collected and analyzed. 
Only one sample was found to be below the legal standard. Sample 155 
manufactured by the Imperial Chemical Co., Grand Rapids, Mich., con- 
tained less than the legal amount of total arsenic oxide and more than the 
legal amount of water and water-soluble arsenic oxide. 


Arsenate of Lead Powder. Thirty-one samples were collected and ana- 
lyzed. There is no legal standard set for dry arsenate of lead but a stand- 
ard corresponding to the paste form would be as follows: Not less than 
25 per cent total arsenic oxide (As.O.) and not more than 1.50 per cent 
water-soluble arsenic oxide (As,O;). Sample 149 manufactured by the 
Imperial Chemical Co., Grand Rapids, Mich., is the only one found to be 
below the standard for total arsenic oxide and sample 153, manufactured 
by the Corona Chemical Co., Milwaukee, Wisconsin, is the only one found 
above the standard for water-soluble arsenic oxide. 


Calcium Arsenate. Only two samples of calcium arsenate were found 
although five samples of calcium arsenate with lead arsenate were secured 
and analyzed. It is interesting to note that in the samples of calcium 
arsenate the water-soluble arsenic oxide is greater than 1.50 per cent 
while in the samples containing an admixture of lead arsenate the amount 
of water-soluble arsenic oxide, with one exception, is less than one-half 
of one per cent. 


LEAD ARSENATE (PASTE) 


: Arsenic oxide As205 
Lead oxide |__ 3 a oes pene 
- PbO 
No, Manufacturer. Mois- Total. Soluble. 
ture Sees se ee EE 
Found.; Guar. Found. Guar. [etennacte Guar. 
382 | Ansbacher Insecticide Co,. | % % | o/s % % % / 
New York. New York..... Sze oboe Iss. .« sp AbeAS 115-00 0.10 | 0.50 
| | 
112 | Dow Chemical Co,. Midland. | 
Mich, . sures! velPoOe LOe |. Shy. ZS Pr ae 16.27 | 15.00 0.10 
161_| Dow Chemical Co., ‘Midland, | 
Mich.. ; Waste a cl dharani lh iekien s AN all Oth pcben et eens | veers Cee 15.00 0.26 ; 0.75 
408 | Dow Chemical Co,. Midland. | | | 
Mich, . “AZ 48.80 32.25 ‘ 16.97 15.00 0.26 | 0.75 
134 | Grasselli Chemical Go}. | 
Cleveland. Ohio....... ..| 48.60 | 33.88 ..-.-| 16.09 | 15.00 0.19 |. 
364 | Grasselli Chemical Co.,. | 
Cleveland. Ohio......... 44.33 | 31.30 : 17.04 | 13.50 0.19 0.50 
411 | Grasselli Chemical Co,. 
Cleveland. Ohio......... | 40.20 | 39.40 18.60 15.00 0.19 |. 
155 | Imperial Chemical Co,. 
rand Rapids. Mich,..... | 54.20 | 32.74 ie 10.98 | 12.50 0.17 1.00 
372 | Fred L, Lavenburg. New | 
Work. Wa ¥;: 46 29 32 65 | 14 29 0.53 , 
381 Sherwin-Williams C Co,.C “leve- 
land. Ohio.. 2 a 49.88 | 36.21 12°38 0.25 be 
} 


572 STATE BOARD OF AGRICULTURE. 
LEAD ARSENATE (pRY POWDER ) 
Arsenic oxide AsoOs 
Lead 
No. Manufacturer. oxide Total. | Soluble. 
PbO | RS 
| | Found.| Guar. [eruid Guar. 
¢ c ti ] Ci i % 
173 | Ansbacher Insecticide Co,. New York. N, Y, 65.90 | 28.50 ae ail) OGL ES dae 
174 | Ansbacher Insecticide Co,. New York. N, Y, 63.94 | 31.60 otal pL OSSS eS tet 
369 | Albany Chemical Co,. Albany. N, Y,. 63.55 | 33.10 | 30.00 | 0.42 1.50 
153 | Corona Chemical Co,. Milwaukee. Wis, . sett 60720) 1533567 2 | eoeow ye 
163 / Corona Chemical Co. Milwaukee. Wis, >... ..| 65.00 | 31.57 30.00 OF31 0.50 
171 | Corona Chemical Co., Milwaukee,, Wis. . 67.60 | 28.20 Seieiol bet Ue s3o) ya cmee 
111 | Corona Chemical Co., Milwaukee, Wis.. PODS BOe oe oO OL17 
341 | Corona Spraying & Dusting Materials, “Mil- 
waukee, Wis... .. Bi OAs |, bie Zo 30.00 0.27 ran 
138 | Detroit White Lead Wor ks, Detroit, “Mich.....| 64.18 | 31.45 | 30.00 OnZs 1.00 
145 | Detroit White Lead Works, Detroit, Mich.....| 63.92 | 34.20 Shee 1.08 BE ekatt 
385 | Detroit White Lead Works. Detroit, Mich.....| 61.85 | 32.18 | 30.00 0.38 1.00 
182 | DeVoe & Raynolds, Inc., New York, N. Y..... 66.26 | 29.00 aoa 1.24 San 
183 | DeVoe & Raynolds, Inc., New York, N. Y....| 66.70 | 28.50 Pee 0.71 eee 
189 | DeVoe & Raynonds, Inc. New York, INS SY's. 64.46 | 30.90 eke 1.44 se 
162 | Dow Chemical Co., Midland, IVI Cheep | cOv On| 29.05 30.00 ORS oo Nees 
135 | Grasselli Chemical Co., Cleveland, Ohio......| 66.12 | 31 28 | 30.00 0.25 0.65 
365 | Grasselli Chemical Co., Cleveland, Ohio......| 64.28 | 32.30 be Ona ee 
149 | Imperial Chemical Co., Grand Rapids........| 67.06 | 22.63 ne 1.10 Nitec 
172 | Imperial Chemical Co., Grand Rapids........| 64.34 | 30.60 eet: 0.35 pa ae 
366 | Imperial Chemical Co., Grand Rapids........| 63.99 | 30.93 | 30.00 0.85 1.00 
348 | Merrimac Chemical Co., Boston, Mass........| 62.23 | 31.87 | 25.00 0.45 1.50 
147 | Niagara Sprayer Co., Middleport, N. Y.......| 64.48 | 32.25 | 30.00 0.40 1.00 
151 | Niagara Sprayer Co., Middleport, N. Y.......| 63.28 | 33.95 art 0.10 bas: ate 
373 | Niagara Sprayer Co., Middleport, N. Y.......| 66.60 | 29.45 | 25.00 1.09 1.50 
150 | Sherwin-Williams Co., Cleveland, Ohio. ......| 62.58 | 32.99 | 30.00 0.32 1.00 
176 | Sherwin-Williams Co., Cleveland, Ohio.....-:.| 64.62 | 32.12 ]...... Onsits |e 
380 | Sherwin-Williams Co., Cleveland, Ohio... ....| 64.25 | 33.30 | 30.00 0.28 1.00 
150 | Toledo Rex Spray Co., Toledo, Ohio..........) 65.76 | 32.30 |. 31.00 | 0:17 1.00 
388 | Van The Tool Mam: LansingsMiachy. 22.25). <2, 05749 enon loos OO 0.18 0.75 
110 | Unknown. A Ay ae ga Ace op ES eee 63.35 | 33.30 Se 0.81 Rt ae 
CALCIUM ARSENATE AND CALCIUM ARSENATE WITH LEAD ARSENATE 
Arsenic oxide As2Qs. 
No Manufacturer. Calcium| Lead Total. Soluble. 
(Ca). oxide “e 
(PbO) 
Found. | Guar. | Found.) Guar. 
317 | Niagara Sprayer Co., Middleport, o 0 qi Wi % % 
INS Soleo sri ies i) belteteiers ae 41.06 | 42.0 2205 0.75 
333 | Niagara Sprayer Co., Middleport, 
IN AYE cis Paces dn Gone ; 43.60 1.99 
165 | Niagara Sprayer Co., Middleport, 
IN eG eNO Lol etn ee ee Tel) 1.96 | 40.09 0.38 
168 | Niagara Sprayer Co., Middleport, 
INGER Sere ae eich bait en een eee lik 1.68 | 40.00 0.46 
152 | Riches, Piver & Co., Hoboken, N. J...| 14.85 2.50 | 40.29 0.09 
ASW s/o J esmithecs © o.nUibiGar Ne Yer == see 15.20 PSD Smee hoo 2.78 lee} 
327 J Sib éccCo.. WitlGa-wNe mien tae StS: 21.00 *19.9 0.26 indi 


*Calculated from guarantee of 18% metallic As. 
7Caleulated from guarantee of 1.4% metallic As. 
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PARIS GREEN 


Only eight samples-were collected and analyzed, all of which were found 
to conform to the legal standards, both as to total and soluble arsenious 
oxide. (As,O,). 

Two samples of “Bug Finish’ manufactured by the Michigan Gypsum 
Co., Grand Rapids, Michigan, and one sample of “Bug Dope,” prepared by 
H. J. Smith & Co., Utica, New York, are included in the table. These are 
mixtures of inert materials, such as gypsum, and a small amount of paris 
green for dusting. 


PARIS GREEN 


| Arsenious oxide AseOs3. 


No. Manufacturer. | Weight. | Total. Soluble. Copper 
oe See See oxide 
| 


} (CuO). 
peounG. Guar. |Found |Guar. 


376 | Corona Chemical Co., Milwaukee, O77. || g Gy | % W/ o% 

Wis. See || ee Lopes | 55.65 50.0 2.39 | 3.50 30.23 
361 | DeVoe & Raynolds, “New York, N. Y.. A. 2) | 5a. 90 50.0 1.50 3.50 29.92 
383 | Detroit White Lead Works, Dawaik, 

Mich.. iby ee: SY goa eee RS 0 Ha] ee ee 30.39 
157 | Imper ial Chemic al Co., ‘Grand Rapids 

Mich.. ae eo eo 50.0 | 1.49 3.50 31.36 
368 Imperial Chemical Co " ‘Grand Rapids, 

Mich.. ; 2.1 | 55.60 50.0 1.70 | 3.50} 30.39 
389 Imperial Chemical Co., Grand Rapids, 

Mich.... : ae 4.0 | 56.30 50.0 1.50 | 3.50] 29.76 

349 | Fred L. Lavenburg, “New York, N. Y. 4.0 | 56.40 50.0 2.39 3.50 30.23 
342 | Sherwin - Williams Co., Cleveland 

COTO ee ee ic tc ek eh 8.8. )/5o7.20 50.0 1.60 3.50 | 30.86 


BUG FINISH 


324 | The Michigan Gypsum Co., Grand | } 


Rapids, Mich.. a gee | ba ee OP D2 ie kasd 
193 | The Michigan Gypsum | Co., Grand | 
Rapids, Mich...... eee a acs eer ee OcGOs | 


BUG DOVEH 


184 | H. J. Smith & Co., Utica, N. Y.......|.......| 0.60 


CONCERNING COMMERCIAL BORDEAUX MIXTURES AND BORDEAUX ARSENATE 
MIN'TURES 


During the past few years there have appeared on the market an in- 
creasing “nurhber of commercial bordeaux and bordeaux arsenate mixtures. 
The use of these preparations during the past two years was stimulated by 
the high price and scarcity of copper sulfate. With a return of prices to 

_approximately the pre-war level it may be interesting to compare these 
commercial products with the home-made preparations. In order to do 
this it is necessary to take into consideration two factors, namely, the 
chemical composition and physical condition. 


Chemical Composition. The fungicidal value of bordeaux mixture is 
due to the presence of copper. The strength of homemade solutions is 
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usually expressed in terms of crystallized copper sulfate or blue vitriol. 
The formula most commonly used is 4-450 meaning 4 pounds each of 
erystallized copper sulfate and quick lime and 50 gallons of water. 

The State and Federal insecticide laws require the strength of commer- 
cial bordeaux to be expressed in terms of metallic copper. This means 
little to the person who is unfamiliar with the chemical relationships in- 
volved. When the strength of the commercial bordeaux mixture is ex- 
pressed as metallic copper the equivalent amount of crystallized copper 
sulfate (blue vitriol) may be quickly obtained by multiplying the percent- 
age of metallic copper (Cu) by the factor 3.93. If the strength is ex- 
pressed as copper oxide (CuO) or copper hydroxide (Cu(OH),) multiply 
by the factors 3.14 and 2.56 respectively. The result obtained will repre- 
sent the amount of crystallized copper sulfate equivalent to guaranteed 
percentage of copper in the various forms as expressed on the label. To 
calculate the amount of copper sulfate in the spray mixture when diluted 
and ready for application, multiply the percentage of copper sulfate as. 
found by the number of pounds of the concentrated bordeaux mixture to 
be added to 50 gallons of water. 

The following example will serve to illustrate the process as outlined. 
A sample of commercial bordeaux mixture, found on the market, was guar- 
anteed to contain 7.50 per cent copper (Cu), which, multiplied by the 
factor 3.93 equals 29.48 per cent crystallized copper sulfate. One pound 
of the preparation, therefore, would contain 0.2948 pounds of crystallized 
copper sulfate. The label recommends that 8 pounds of the mixture be 
diluted to 50 gallons with water. The amount of crystallized copper sul- 
fate in the 50 gallons of diluted spray mixture is found by multiplying 
0.2948 by 8 which equals 2.16 pounds. 

This particular bordeaux mixture, when diluted according to directions, 
would give a spray mixture a trifle stronger than a 2-2-50 formula. 

Knowing the price of crystallized copper sulfate and quick lime at any 
given point the actual money value of the commercial mixtures can easily 
be calculated. This, of course, will vary in different localities owing to 
variations in the prices of the raw materials. 


Physical Condition. The second factor in determining the value of com- 
mercial bordeaux mixtures is their physical condition. This condition 
determines the spreading and sticking properties of the mixture and is 
measured by the rate at which the suspended material settles. A well 
made bordeaux mixture, will, upon dilution, remain in suspension a long 
time but some of the commercial preparations will settle almest immedi- 
ately. The commercial preparations will be found to vary considerably 
in this characteristic. Before buying any quantity of commercial bor- 
deaux this test should be applied to a small sample. In making this test 
the dilution should be made in the same proportion as recommended on 
the label for preparing the material for spraying. 


HOW TO CALCULATE THE STRENGTH OF BORDEAUX-LEAD ARSENATE MIXTURE 


In materials of this kind the law requires the manufacturer to guar- 
antee the amount of lead arsenate both total and water-soluble in terms of 
metallic arsenic (As). In order to convert this into lead arsenate (dry 
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form) it is necessary to multiply by the factor 6. If the amount of lead 
arsenate is expressed in terms of arsenic oxide (As,O.) then it is’ neces- 
sary to multiply by the factor 3.93. 

Example. A sample of Bordeaux-Lead Arsenate was guaranteed by the 
manufacturer to contain 1.50 per cent copper (Cu) and 5.25 per cent 
arsenic oxide (As,O;). Using the method already described we find that 
the mixture should contain 5.90 per cent crystallized copper sulfate (1.50 
x 3.93—5.90) and 20.64 per cent lead arsenate (5.25 x 3.93—20.64). The 
manufacturers recommend that 8 pounds of this particular material be 
diluted with water to 50 gallons. Therefore, when ready for spraying the 
50 gallons would contain 0.47 pound of crystallized copper sulfate (0.059 
x 80.47) and 1.65 pounds of lead arsenate (0.2064 x 8=1.65). The 
equivalent amount of lead arsenate paste is approximately double that of 
the dry form. 

As previously stated the formula most generally recommended for mak- 
ing bordeaux is 4-4-50 though for some purposes a 2-2-50 formula may be 
used. When it is desired to combine an insecticide with the fungicide lead 
arsenate is usually employed at the rate of 2 to 5 pounds of the paste 
or 1 to 2144 pounds of the dry powder to 50 gallons of the diluted bor- 
deaux mixture. 

As a general rule it will be found that the commercial bordeaux- 
arsenate preparations do not contain the essential ingredients in the 
proportions that have been found by practice to give the best results. The 
poison is usually greatly in excess of the fungicide and when used accord- 
ing to the usual recommendations of the manufacturers the preparations 
could hardly be expected to possess very powerful fungicidal powers. 


BORDEAUX MIXTURES 


| 


Copper (Cu). 
No. Manufacturer. | Water. |___ Sete 
| Found. Guar. 
| oe —_ 
PASTE. | % % 
144 | Grasselli Chemical Co., Cleveland, Ohio. ................. 61.50 7.81 7.50 
181.| Grasselli Chemical Co., Cleveland, Ohio............ a, 61.50 | 7.57 7.50 
410 | Grasselli Chemical Co., Cleveland, Ohio... . .. tsar 50.40 | 9.07 7.50 
126 | Hammond Paint & Slug Shot Works, Beacon, N. J.... ....) 53.50 6.76 5.50 
371 | Imperial Chemical Co., Grand Rapids, Mich..... Soe ri, Sans VO OBELE Cae Sl ee 
156 | Imperial Chemical Co., Grand Rapids, Mich...... . . ... 51.50 9.61 | 6.00 
180 | Nitrate Agencies Co., New York N. Y..... ..... err Aa 58.70 G27 | 6.00 
DRY POWDERS. 
190 | Corona Chemical Co., Milwaukee, Wis..... . . . Sight TOLMER hathed MMA ere’ eo: 
367 | Imperial Chemical Co., Grand Rapids, Mich.....05. 50.00 0.)i2 0.2%: 9.76 11.00 
185 Sherwin-Williams Co., Cleveland, Ohio, ‘‘Fungi Bordo’’.....|........| 10.65 |........ 
186 | Sherwin-Williams Co., Cleveland, Ohio, ‘‘Fungi Bordo”’.....|........ 10.20 
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‘ 
BORDEAU X-ARSENATE MIXTURES 
Arsenic (As) 

poe eee et _|h, Coppers(Cu) Lead 

oxide 

No. . Manufactuer and name. Water. Total. Soluble. (PbO) 

Found. | Guar. | Found.| Guar. | Found.| Guar. 
0 % “ 0 < C % e oO % st v 


Ansbacher Insecticide Co., New York, N. Y....... 


326 “A dheso Green Label”.............-....-.-.-| 59.61 Gadomiero DOM (0: 1baltees ae 3.96 | 4.00] 17.00 
169 “Adheso Green Label”’........... ee |e ito) U) 6.68 5.50 OF Du eee 3.85 4.00 20.70 
194 ‘A dheso Green labelanssceen et .baed Go. ween || OF2c0sl mono 5.50 02095) peace 2.46 4.00 17.30 
319 “‘Adheso Orange Label”........ Peat ee Peal Oo 7209) |) 5.75 0.07 | 0.50} 2.69} 2.80] 15.36 
195 “‘Adheso Orange Label”......................| 53.90 6.85 05) 0.13 0.50 4.10 2.80 19.10 
170 “Adheso Orange Label.............. aOR OR e86n\) 52/75 0; 15).)) 20D On | R252 5) 2-80 ie se 20 
Bowker Insecticide Co., Boston, Mass.: 
409 SEAT). Gab s yas Pig TOO Rohs JIE OUT 60.90 5.17 3.4 O80 al iatwcess 3.19 1.50 9.15 
188 AGH) Oa, soda Be BIA Rae bhin foie olea 64.40 4.17 3.42 0.09 3.13 1.50 16.60 
DRY POWDERS. 
De troit White Lead W. orks, Detroit, Mich.: 
139 “Rogers Leaded-Bordo”’... nee an 11.61 | 12.00 0.08 0.50 3.60 4.00 39.90 
414 “Rogers Leaded-Bordo’’..... EES Br | lastest ola eae 12.48 | 12.00 0.11 0.50 OOD tere ie 36.32 
413 “Rogers Potato Spray’’..... Rete faite Set 22308) 22400 1250) 3200) 20863!) aee.- unto 
Sherwin-Williams Co., Cleveland, Ohio: 
312 “Tuber Tonic” .:..- TV NeS Gaeta Peet pa dle RE eee | Ree OD me 4OO 1.63 BLOOM eee talel nets |e oe 
323 “Tuber Tonic”’.. ha! Se PN sarees sites : Se lh2owton i245 00 1.51 D200 me aezeOan| sce eileen nee 
154 “Tuber-Tonic”’. Pe eee gt oe eek | be a OBO Elles sya (NG he raetrece 9 Le Oe a ace eee PERS = Gg 
191 TuberLonicyy asin eee eee AS We cP Syl eesiae 19.21 | 24.00 2.53 3c OR S23208e| cc ae; | Sears 
192 “Tnsecto Powder. - . Wena Ren os pps ed 281) bal eee, Soke OHOOF secre DB O™ laws 37.60 


TOBACCO PRODUCTS 


Eleven samples of tobacco products were analyzed, all of which, with 
one exception, were equal to or exceeded the guarantee for nicotine. 


Nicotine. 
No. Manufacturer. = 
Found. Guar. 
Carpenter-Udell Chemical Co., Grand Rapids: Mich.: y o 
315 ‘Imperial Nicotine Solution”... ... : Vox a GSN ae 9 59 10.00 
Grasselli Chemical Co., Cleveland Ohio: 
332 {Sulfate OL Nicotine iz 6 ols. sik case ee aes A Sree aed sce. orci eat tone 16.41 15.00 
{ Imperial Chemical Co., Grand i Rapids). Mich.: 
330 “Imperial Nictine ADEE Se RAG Ue ase eae eter ae ete OES 40 .00 
Kentucky Tobacco Products Co., Louisville, ak 
133 “Black Leaf 40” ioe BON ile) CAO OR arp Neal eet: AON OFS} 40.00 
146 “Black Leaf 40’’. Site ty RL rat SRC sae ra ED ae ata e sos olga) Nara stearic 39.91 40 .00 
314 “Black Leaf 40”’. eRe Es REINS ARES D yk eRe MURMUR ASN cr tnt onto ot en OQ RRANE 40.00 
328 “Nico-Fume Liquid’” Se NREL GAT AN te ORE CR EMEME EL Clete vate cree 39.91 40.00 
125 “Nico-Fume Liquid”’ its ae ee CC Eng Ie nce rune aimed ee O MEL 40 .00 
F Sterling Chemical Co., Cambridge, Mass. : 
313 Sterling worthe OWGeLed WL Ob aCCOmemeeeaasteitc ii x. in shenelectsueuene te teteineks 0.638 
_ | F. A. Thompson & Co., Detroit, Mich.: 
329 “Rose Nicotine’’. ... se a NE Re lo SR Bird 10.32 10.00 
132 ‘SRospiNiCOtine ne eter er). 2 ee J TEE ret ae 8 10.47 10.00 
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SMUT REMEDIES AND FORMALDEHYDE SOLUTIONS 


Special attention was given to these preparations during 1917. Several 
proprietary compounds were on sale in the State in violation of the in- 
secticide law in that they were not labelled so as to show the active in- 
gredients. All of these preparations were found to be, essentially, solu- 
tions of formaldehyde (formalin) to which had been added, in some cases, 
coloring matter or one or more of such materials as carbolic acid, copper 
sulfate, aloes, pix liquida, sodium hydrate, green soap, ete. 

The claim was made that the addition of these materials increased the 
efficiency of the formalin. However since the formalin treatment when 
properly conducted is practically 100 per cent efficient it is difficult to 
understand how this could be much improved. 

The attention of the various manufacturers was called to the require- 
ments of the law in regard to the labelling and it appears that they are all 
now complying with the law or have gone out of business. 

Sixteen samples of formaldehyde solution (formalin) which was being 
sold for grain treatment were collected. Very few of these were properly 
labelled and the dealers were notified to comply with the law in this re- 
spect. The names of the manufacturers of the various samples could not 
be obtained and in the following table the dealer’s name is given. 

The solution of formaldehyde is usually sold under the trade name, for- 
malin, and is supposed to be of 40 per cent strength. This generally 
means 40 per cent by volume which corresponds to 36.8 per cent by weight. 
The results in the following table are given in per cent by weight. 

Hight of the samples were found to contain more than 36 per cent of 
formaldehyde and four samples contained more than 35 per cent but less 
than 36 per cent formaldehyde. Two samples were less than 34 and more 
than 82 per cent formaldehyde while two contained less than 30 per cent. 
There is probably no very great difference in efficiency between forma!de- 
hyde solutions of 35 and 36 per cent formaldehyde but as between 36 and 
30 per cent there would be considerable loss of efficiency. 
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SMUT REMEDIES (FORMALDEHYDE SOLUTIONS ) 


Formaldehyde. 
No. Manufacturer or dealer and name. 
Found. Guar. 

Anti Smut Chemical Co., oe Ferree Mich.: % % 

335 ‘‘Anti-Smut’’..... Aa & 3. Pot iin ee rc noe 26.87 35.00 

114 “Anti-Smut’’. aD eeHoacittictace. AnYs coho ssa eC lets hep ICRC EE ENE oats eee 26.90 Sie otonets 
Dr. Lape Veterinary Co., Inc., Adrian, Mich: 

336 er Lape’s Smut Destroyer’ eae BEALL Re Pa eee nn Rint ote OE erode SD 18.00 

140 Dr. TAD 8 SUN Destroyers’ CE nee RIO pak cmt abe | BOIL O aeslenete 

337 SSritutene 0. SRSA, pikes too eee aye see nat ote MOTTE Le tet eee ee BOD Jl sere e iene 

122 “Smutene”’ Wet teste bts Mek Sc tes his Sates Gen ree ee bees adie eo Leora 32.75 35.00 
Smut Cure chemical ce: : pealine: Mich.: 

363 “Smut Kure” nate a Bs Quo Noa enh RANMA careers ol ke J bras) 
Chemical Research Co., HeamaZoo. Mich.: 

357 “The Original Smut Killer”’ SP Ca eens cote otek eas aes eee [Eo ORO5: 

196 “The Original Smut Killer”’ Ear tines cena ae ee oe cc) FON Sate ea Meme | aeZOnZO 
Manufacturer pao wn Atlanta, N. Y.: 

406 “Sporocide” ie F Saar ey aed Beam setae the sara eee eos ee ou eee ho Oe Ds 

390 | ‘‘Formalin”’ sold by C. E. ‘Nelson, Coopersville. .. SPN cs sed Orel 35.85 

391 “Formalin” sold by Hazeltine & Perkins, Grand Rapids. ee ene Ie EO MO) 

392 | “Formalin” sold by W. H. Quigley, Grand Rapidssa i Sace eis eek: eee 28e50) 

393 | ‘‘Formalin”’ sold by J. Gezon, Grand Raplse TURN inet nee A reat lat ODD 

394 | ‘‘Formalin” sold by A. De Kruif, Zeeland. Sa ad A eae | SOR SO: 

395 | ‘‘Formalin” sold by H. J. Fisher, Holland. Fy ead BLP yee Mckee ie, oe eee 

396 || “Formalin” sold by Haan Bros., Holland..... . ..-.........5...65 SOG Daalibtee a 

397 | ‘‘Formalin’’ sold by Brundage Drug Store, ‘Muskegon. pore ear colle aval 

398 | ‘‘Formalin’’ sold by Ber s Pharmacy, Spar tee. DOAN Acar <r raepe cea ey | eee ted EL 

3995 ?SKormalin= sold; by: heA: aw ebb Casnoviai snes ue ee aa ase eta eee | 86289 

400 | ‘‘Formalin’’ sold by J. oT. Perham, Kent City. he Nien Creme tn ela to OS 

401 | ‘‘Formalin’”’ sold by Lewis H. Cooper, Rowlenvillode nie eee | GOS 

402 | ‘‘Formalin’’ sold by Cowdrey’ Ss Drug Store, sowella essa is Hees Lt ORRAO). 

403 | ‘‘Formalin’’ sold by Phelp’s Drug Store, Hudson <\.2,. 6 fet en bas 

404 | ‘‘Formalin’’ sold by Pauier & Nachtereib, ee ctiatt: Mpa Cin er Oe Cele atone 

405 | ‘‘Formalin” sold by A. O. Dersham, Blissfield. Baicds Or Goren etal eee 


*Also contains 1.86 per cent crystallized copper sulfate. 
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LICE POWDERS 


Fifteen samples of lice powder were collected. These were found to be 
mixtures of two or more of the following materials with an inert ingredi- 
ent as a base: nicotine, sulfur, naphthaline, pyrethrum. 


Nicotine Sulfur. 
No. Manufacturer |e Naph- | Pyre- 
| thalin. | thrum. 
Found. | Guar. | Found. | Guar. | 

G. E. Conkey & Co., Cleveland, Ohio: % % % % 

347 S@onkey silica bowdere ee) aniats ciclo ites eto Se =o. s ecw 0.27 OL1Os |, 16:91 9) 915.85 |..2-6 0: 
Cyphers Incubator Co., Buffalo, N. Y.: 

360 “Gypher silica Dowden scot. teat. on se tats es bene ewes | 0.61 0.50 4.75 4.60 | Present |........ 
The Feil Mfg. Co., Cleveland, Ohio: 

343 SSalvetacethowdersiag tes phase hicks reeiaie ai pie ore dieters Trace). |s, 2-24 7 Te At Verran] ee aera I ee 
J.J. Fleck, Tiffin, Ohio: 

141 SWleckisiiceLOWwden tse cst teracioresiee et ios Wessel. ss: 0.01 OF OD | ees ete al: o peoerers Present | Present 
Dr. Hess & Clark, Ashland, Ohio: | 

117 Dr. Hess’ Instanta louse Willers oetos\. onic cos occe ae eo SDXACG iid cette Pe aed kit ripe Present |>..:.... 
International Stock Food Co,, Minneapolis, Minn. : 

118 International Louse Willer. 22 2. 2. Sen canes cose es ne ee Fear een eae a 3.75 3.00 | Present|........ 
Jones The Seed Man, Grand Rapids: 

120 SO FonesiOGsEOWOOR? «ne aiada ars clan ncistare a fa Welenrs ate Sra sae | 0.41 0.25 8.90 9.00 | Present|........ 
Dr. Lape Veterinary Co., Adrian: 

338 Hr shapes WuiCe Mua t. ccs. sare mn'ae kes re cca wns eas er eener C -+.+..| 63.00 wie ege ed |sh por a|canveds 
Geo H. Lee Co , Omaha, Neb.: 

346 ATCO LOUSG LOWER: ices = sane Oe x ofestiala ges stan oop. Pe Becrge fc hw ot as Vy rs a erg ee Present | Present 
Dr. L. D. LeGear, Medicine Co., St. Louis, Mo.: 

345 LET MAGESE ALACO,ULEr.: 2st. ae camaee hale snaenaMee / 0.29 | 0.24 | 29.85 SOLO. | Ssemcwes ise ceca 
Pratt Food Co., Chicago, III.: 

350 LP rAt Hr DCO RMLICES oo aceite else ae wx vaca ee rare ie a ae | 0.90 Present | Present 

119 sD at tp LilGe ill enacs fo catite ofa S sndalads sor Beg oe DERG) eet. : Present 
Wm. Rust & Sons, New Brunswick, N. J. 

358 “Rusts Lice-Killing Powder’ -..ociccesccenees este eeees | 0.76 0.40 | 9.35 VOLT He Bdnen sd sateacr 
Dr. David Roberts Veterinary Co., Waukesha, Wis.: 

353 SBPIDLICGe ee ote as cis ete wb ate eure Nel sae peneainnn 3. 0.14 0.15 26.63 23009) Present: anes. 
Zenner Disinfectant Co., Detroit: | | | 


340 “Zenoleum Lice Powder"’ S* Fibis wacida aces. 4 --.-] 0.46 | 0.25 | 10.90 10.00 |! Present |........ 


COAL TAR DIPS AND DISINFECTANTS 


~These preparations form emulsions when mixed with water and are gen- 
erally prepared by mixing together, with gentle heating, a mineral oil 
containing phenol (crude carbolic acid) and rosin soap or a mixture of 
rosin and vegetable soaps. 

These preparations are used in the west as sheep dips and in some sec- 
tions as a spray for scale. They are also used more or less extensively as 
lice killers and as disinfectants. The value of these products for the above 
purposes is chiefly, though not entirely, due to the amount of phenol pres- 
ent. A glance at the following table will show how greatly they vary with 
respect to the amount of phenol. 
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Pyri- 
No. Manufacturer. Hydro- | dene Rosin | Phenol. 
carbons. | bases. acids. 

Geo. E. Conkey Co., Cleveland, Cale % % % % 

124 “‘Conkey's Nox-I- Cide”’ Seater 62.50 ibis 18.20 9.50 

116 “Conkey’s Lice Liquid”. aber ay sieves oe retools 69.90 2.53 3.20 3.90 
Dr. Hess & Clark, Ashland, Ohio: 

339 “Dr: HesseDip webDisintectant.. ince se nee | ee oa 2.09 15.50 14.70 
Geo. H. Lee Co., Outahs, Bees 

115 “Lee's Lice Killer. meseteniete Takers per Moka l eo OR OO 2.50 
Wm. Rust & Sons Co., New EEE Sh ING 

359 “‘Rust’s Mite Killer’’..... some ibe eto 240 BAOO a neko neue stkd 
United Breeder Co., Chicago, IIl.: 

356 SSKATGemuUDip stays mre ee. eleva eicicnchs fee Werte meee 46.60 2.31 14.90 18.40 
The Zenner dT aatafectans, oon Fee SOS 

137 “Zenoleum’”’ : Se ee cies) OOO 3.20 10.90 4.00 


MISCELLANEOUS MATERIALS 


379) Bug Death. Manufactured by Danforth Chemical Co., Leominster, 


3598 Mass. Guaranteed to contain Zine Oxide 47%, Lead Oxide 5%. 
127 Results found: 
143 
Zinc oxide | Lead oxide 
Number. % To ee 
SU YA eat te ton ale pees nae mR get gay” Ue cote DO wae Bal s MRM eka aE 2 61.28 3.74 
SHOR AMS op tenes tial led ings Reagent Manca tee MRO eae Dey RNG arts 45.89 9.89 
1 Uy fe a Ne GRR CHE ed De a Ds alte SL Oy OU at eae R Peete 44.58 12.69 
DABS fehl s ptt ce Ree eae teccice ne Cee Ren Sn ee tee at eae) 55.60 11.56 


70 Hammond’s Slug Shot. Manufactured by Hammond Slug Shot 
370 Works, Beacon, N. Y. Guaranteed to contain Sulfur 6% 
113) Copper Sulfate, 1%, Nicotine trace, Copper Arsenite, 1.50% 
Crude Carbolic Acid 40%, Inert ingredients 91%. 
Results found: 


Arsenic 


Number. Nicotine. Sulfur. Metallic. Copper. 

% Yo : 
ORS ROC Cr OO ONCE ERSTE ABI M am TON MacRae ure led Sa glsici2) ah danas 6.13 0.98 | Present 
LU), Rasa ieee aa ena ae en ee earthen POSEN hans 5.05 1.00 | Present 
DL BSR Pie tenis Soak ses Sn ry! bere Se a ean ee TE DAC O\ oe 5.65 1.21 | Present 


321 Herman’s Calite. Manufactured by Morris Herrmann & Co., New 
York, Nex: 
Found—Water, 69.20%, Total Arsenic, 11.57% ; 
Soluble Arsenic, 0.53%. 
Sample is Calcium Arsenate Paste. 


B54 


EXPERIMENT STATION BULLETINS. 581 


London Purple. Manufactured by Hemmingway’s London Purple 
Co., New York, N. Y. 
Found—Total Arsenic, 29.52% ; Soluble Arsenic, 9.91%. 
Sample consists of Calcium Arsenite, 23.82% and 
Calcium arsenate, 40.81%. 
Nichols Bed Bug Powder. Manufactured by Chas. H. Nichols & Co., 
Chicago, Illinois. 
Guaranteed to contain Quassia, Angelica root, Eucalptus 
leaves, Colocynith and Borax. 
Found Sodium Borate, 16.61%. 
Rose Nicotine for Roaches. Manufactured by F. A. Thompson & Co., 


Detroit, Michigan. 
Contains 89.90% Sodium Fluoride, small amount of Sugar and 


Salt. 
Bug-i-cide. Manufactured by Barrett Chemical Co., Chicago, Illinois. 
Distills between 45°-140° C. It is composed of kerosene and 
light oils and contains red coloring matter. 
Peterman’s Discovery. Manufactured by Wm. Peterman, Inc., New 
York, N.Y. 
Yellow colored liquid. Specific gravity at 21° C. 0.787. 
Flash point 47° C. Tests indicate kerosene. 
“Dead Stuck.” Manufactured by The Penn Chemical Mfg. Co., 
Philadelphia, Penn. 
Orange colored liquid. Specific Gravity at 20° C. 0.7415. 
Distillation: 
70°-100° C. 4 per cent, odor of gasoline 
100°-1380° C. 64 per cent 
130°-180° C. 28 per cent, Flash point 50° C. 
Vapor of original solution will ignite at room temperature. 
A mixture of gasoline and kerosene. 
A. D. 8S. Bug Killer. Manufactured by American Druggists Syndi- 
cate, Grand Rapids, Mich. 
Red solution. Specific gravity at 21° C. 0.799. 
Flash point 48° C. Distilled between 150° and 220° C. Has 
properties of kerosene. 
Xtermolene. Manufactured by R. M. Hollingshead, Camden, N. J. 
Green liquid. Specific gravity at 21° C. 0.795. 
Flash point 55°. Has properties of kerosene. 
Sterlingworth Plant Lice Killer. Manufactured by Sterling Chem- 
ical Co., Cambridge, Mass. 
Contains 44.9% kerosene. 
Deth-Ant. Manufactured by Grand Rapids Lawn Ant Destroyer, 
Grand Rapids, Mich. 
Specific gravity, 1.25. 
Sample is carbon-di-sulfid with red coloring matter. 
Standard Fly Shy. Manufactured by Standard Chemical Mfg. Co., 
Omaha, Neb. 
Specific gravity 0.959. 
Distillation : 
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Amount | Specific 
Temperature range. distilled. gravity. Color. 


c 
/0 0 


190°—215° C. 15 0.769 | Yellowish 
215°-2332 C- 8 0.910 | Yellowish 
233°-260° C... F ‘ 16.5 0.930 Yellowish 
260°—280° C.. é ae, ee. 8.5 0.953 | Yellowish 
280°=305°'C-: : ; : ; Seat ee Re ‘ | 12.5 -| 0.950 Yellowish 
BO Re BIOS eee ee ee nn ta aL nea va] 11.5 0.953 | Light orange 
330°-360° C... Ste. eh eet pe. SEI NRCS eet eel d be IC 0 JR eee eee Deep orange 
PLEO 0.974 Red orange 


SOON Cee ae etre: Soa POND Cae CLS Dirac 


412. Sterlingworth Whale Oil Soap Kerosene Emulsion. Manufactured 
by Sterling Chemical Co., Cambridge, Mass. 
Contains 51.2%. kerosene. 
129 Hammond’s Thrip Juice. Manufactured by Hammond’s Slug Shot 


Works, Beacon, N. Y. 
Rosin and Soap 43.40%, Nicotine 0.92%, Potash 7.75%. 


334 Spray-No-More “Tree Tablets” For removing San Jose scale and 

Black Knot from Trees. “Used any season of the year, the sooner 
the better.” 

Manufactured by Spray-No-More Co., Ford Market Bldg., High- 

Jand Park, Mich. 

The user is directed to bore a hole in each main branch, on the 
upper surface, and insert a tablet. The hole is then to be closed 
by a plug cut from the same tree. 

Results of analysis: 

Ash, 5.50 per cent. 
Ether extract, 2.38 per cent. 

Color of ether extract, dark green with strong smell of pyre- 
thrum. 

The analysis indicates that the tablets are composed very large- 
ly of pyrethrum. 


Bitler’s Red Line Tree Life. “For trees, shrubs and plants. A prepara- 
tion containing : 
Not over 1.70 per cent arsenic 
Not over 0.60 per cent copper 
Not over 2.00 per cent sulfur 
Not over 10.00 per cent calcium oxide.” 
Manufactured and guaranteed by W. A. Bitler, Kokomo, Ind. 
This product was offered for sale in a very limited way during 


1917. 

An analysis of the product gave the following results: 
WAGE rete raion, Beds eee eee 71.60 per cent 
Calcium: Oxide-(Ca@)es-ens oa. 6- 9.70 per cent 
Magnesium Oxide (MgQO)......... 5.56 per cent 
Sikhs (SS) scencqettas feces Se es 1.96 per cent 
headsOxidea(RaOyr err... eo 1.45 per cent 
ATLENIOUS OXIGeNGNSAO. 2 ics ¢ 2 0.75 per cent 
Arsenite-Ox1ide (AS{O#) scones... . 1.83 per cent 
tron and Aluminum (TFe,0,-Al,0,). 1.20 per cent 
Carbon dioxides(CO = se5.22 5.2 = 141 per cent 


COPPerasy. cae pees. Re Present 
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Jt) 


The preparation appears to be a mixture of lime, sulfur, bordeaux mix- 
ture, lead arsenate, and possibly paris green with water. 

Misbranding of the article was alleged in that it was an insecticide and 
fungicide, the label of which bore statements that were false and mislead- 
ing. The Michigan distributor was, therefore, directed to discontinue the 
sale of the preparation. 


ALFALFA IN MICHIGAN 


Special Bulletin No. 97 


J. F. COX, PROFESSOR OF FARM CROPS 


During the past twenty years alfalfa has commanded more interest 
in Michigan in proportion to the acreage grown than any other forage 
crop. 

At the present time those who have had experience with growing it 
are fairly well divided into two classes. One is the enthusiastic group 
made up of those who have worked out successful methods of handling 
this crop, and who have grown alfalfa under adapted conditions. These 
are inclined to speak in glowing terms of the high yield of hay secured, 
its superiority for feeding purposes and the value of alfalfa in improving 
the land. 

The other, the doubtful or pessimistic group, is composed of those who 
have not made a success with alfalfa or who have planted it under condi- 
tions not suited to its growth. They are often equally emphatic in stating 
that alfalfa cannot be considered as a dependable crop for Michigan. 

Through the experience of those who have succeeded and those who 
have failed in alfalfa growing, the production of alfalfa has at the present 
time become fairly well stabilized. Its acreage is increasing steadily but 
slowly each year. It is estimated that about 80,000 acres were seeded in 
this State in 1918. The success of this crop rightly handled, and the 
value of alfalfa hay as a feed has been demonstrated to the extent that 
it is apparent that a much greater acreage of alfalfa is warranted in 
Michigan. 

Successful crops may be found growing on soils ranging in texture 
from light sands, light enough to blow, to heavy clays which work with 
difficulty. Good drainage is a characteristic of all soils where thrifty 
alfalfa is found. 

Alfalfa fields may be found well distributed throughout the southern 
peninsula and in certain of the more developed upper peninsula counties. 
This crop is of greater value in the older farming sections and has no 
great place at present in newly cleared sections of northern Michigan 
where June grass comes in with surprising vigor and clover is easily 
secured. 

Experience has shown that ordinary methods of culture which may 
give good results with our better known forage crops, cannot be de- 
pended upon to give successful results with alfalfa, but if the require- 
ments and culture of this crop are thoroughly understood, dependable 
and profitable returns may be secured under a wide variety of soil and 
climatic conditions. a coh: 

While a comparatively few farmers located on favorable soils may 
secure a good stand with little effort, it is necessary for the majority 
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who wish to grow alfalfa to understand the requirements of this crop 
and make proper preparations before seeding. 

Increase in the production of alfalfa will be largely in proportion to 
the spread of accurate information regarding the proper handling of this 
crop. An increased alfalfa acreage will insure the production and in- 
crease the yield of leguminous hay so necessary in feeding economically. 


LESSONS FROM ALFALFA GROWERS. 


A study of the methods followed by those who have succeeded with 
alfalfa establishes the fact that the successful growers have seeded on 
sufficiently well-drained land, properly inoculated, have applied lime in 
some form in sufficient quantity or have planted on land high in calcium 
carbonate (lime) and have seeded hardy varieties. 

In the case of those who have failed, inquiry will bring out the fact 
that no lime was used, or an insufficient amount, inoculation neglected, 
soil improperly prepared, inferior or unadapted seed planted, or that 
exceptionally adverse weather conditions prevailed after planting, or 
poorly drained soils were selected to receive this deep-rooted crop. 

Those who will inform themselves thoroughly concerning alfalfa, and 
make the necessary preparation may hope to secure returns approaching 
the claims of the alfalfa enthusiast but it is equally true that to neglect 
any of the essential points in alfalfa production invites disaster. 


SOIL FOR ALFALFA. 


The best fields of alfalfa in Michigan are located on well-drained fertile 
loams and clay loams, though many excellent fields may be found on light 
sandy and gravelly soils. Good drainage is of the utmost importance, 
and equally important is the calcium carbonate content. On very heavy 
soils and muck soils alfalfa often heaves badly during the winter, and 
unless tile-drained, good stands cannot be retained on these soils. 

Only soils*which contain limestone pebbles, or which are known to 
be high in lime may be safely seeded to alfalfa without liming. While 
fields of a smooth contour are best adapted from a hay-making stand- 
point, one of the advantages of alfalfa is that good returns can often be 
secured from rough land. It is difficult to get a stand on soils deficient 
in organic matter and the growing of green manure crops or application 
of a dressing of manure may be necessary. Once established, alfalfa will 


alee vigorously under such conditions much to the improvement of the 
and. 
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LIMING THE LAND FOR ALFALFA. 


Attempts to secure a successful stand of alfalfa without applying 
ground lime, stone, marl, beet factory lime, or some form of agricultural 
lime in sufficient amounts on soils needing lime, are almost sure to result 
in costly failures. Only on these soils where limestone gravel is notice- 
able, or where an ample amount of calcium carbonate is assured should 
alfalfa be attempted without lime. 

Applications of lime should be made the year. previous to planting 
alfalfa if possible, or if not, at the time of preparing the seed bed. Two 
tons of ground limestone, or several cubic yards of marl, or beet factory 
lime, or one and one-half tons of hydrated lime is recommended. Tinely 
ground limestone can be secured in,quantity at all points reached by 
rail in Michigan. Marl can be found in large deposits in most Michigan 
lake regions, and where it can be conveniently dug out and hauled it 
furnishes an excellent supply of effective calcium carbonate for use in 
applying previous to seeding alfalfa. Neighborhood cooperation in buy- 
ing ground limestone by the carload, or in getting marl in quantity will 
greatly lessen the cost of liming. 

The practice of digging out sufficient marl in the fall when the water 
level is low, throwing it up on firm land, or bringing under cover, is an 
economical and practical way of obtaining a supply in condition for 
easy application. The marl drains and mellows under winter action, 
and can be applied with lime-spreader or manure-spreader or shovelled 
from wagon during late winter or early spring. Michigan Experiment 
Station Bulletin No. 91, by Professor M. M. McCool, gives complete in- 
formation on liming the land, and can be secured on request from Director 
R.S. Shaw, Experiment Station, East Lansing, Michigan. 


PHOSPHATES GIVE GOOD RETURNS. 


Phosphates give excellent returns when applied to alfalfa, either at 
time of planting or as a top dressing. The effect of phosphorus is much 
greater on properly limed land. From 200 to 250 pounds of acid phos- 
phate, acidulated bone meal, or ammoniated phosphate or 800 to 1,000 
pounds of finely ground raw rock phosphate or floats will give valuable 
returns in increased yields. The majority of Michigan soils are deficient 
in phosphorus and applications of fertilizers carrying this element not 
only benefit the alfalfa but markedly improve the following crops. A 
discussion of the use of phosphorus on Michigan soils is given in Popular 
Bulletin No. 284, Michigan Agricultural Experiment Station. 
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THE PREPARATION OF THE LAND FOR ALFALFA. 


‘Alfalfa seed starts best on a firm seed bed. Cultivated crops such as 
corn, beans, potatoes or beets usually leave the land in a clean condition 
readily shaped for alfalfa. 

Tf the land is not sufficiently free from weeds and grass, fall or early 
spring plowing is necessary and frequent use of the dise or spring-tooth 
or spike-tooth harrow at intervals of a week or ten days until weeds 
and grasses are conquered is advisable. -If the ground is clean, thorough 
discing is sufficient. Just before seeding, the land should be rolled so as 
to compact firmly. On soils which are deficient in organic matter, appli- 
cations of well-rotted manure in sufficient amounts should be made, or 
the content of humus increased by turning under clover, vetch and rye, 
sweet clover or other green manuring crop. 


Alfalfa seed starts best in a firm clean seed bed. A mellow seed bed must be firmly com- 
pacted with the roller. 


PLANTING ALFALFA. 


While the best and most persistent stands of alfalfa are secured by 
seeding alone without a companion crop, on cultivated lands free from 
weeds and grass, it has been demonstrated in numerous instances that 
on soils of average fertility, if well-drained and free from weeds and 
grasses, successful stands of alfalfa may be secured by seeding in the 
spring with barley, oats or buckwheat and occasionally with wheat or 
rye. A better growth of alfalfa will be secured by using only one bushel, 
or less of barley or oats per acre, or of fall seeded grain, or one peck 
of buckwheat. On light soils inclined to blow a half bushel of barley, 
oats or spring rye or one peck of buckwheat seeded as a companion 
crop will prevent injury from blowing sand, Barley is best suited as 


~ 
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a companion crop for alfalfa since it requires less moisture per pound 
of dry matter produced than any other grain crop. It must be kept in 
mind that growing with spring grains at average rates of seeding will 
hinder rather than help alfalfa, and that it is in spite of the companion 
crop rather than because of it that good stands are secured when planted 
with these improperly termed “nurse crops.” During dry seasons, cut- 
ting oats or barley early for hay will greatly benefit the alfalfa seed- 
ing. A light seeding of grains made with early spring planting may be 
of greater benefit, however, than weed growth which is likely to occur 
on seed beds not thoroughly clean. 

Best results can often be secured, though at somewhat greater ex- 
pense, by working the seed bed thoroughly until late May or early June, 
and planting without a companion crop. If ground is very weedy or 
grassy it may be advisable to continue discing and harrowing until late 
June or mid-July, seeding only when seed bed is fairly free of these pests. 
Since alfalfa will occupy the land for from four to six years or more, 
greater expense and time is warranted in preparation than in the case 
of annual crops. In southern Michigan seedings are made as late as 
early August, but experiments show that the latter part of July is about 
the latest date when seedings can be made with safety. In north central 
and northern Michigan seedings should not be made later than early 
July. 

Experiments on the Station Plats at East Lansing to determine the 
effect of seeding at various times with various companion crops has indi- 
cated that, while successful results can be secured with companion crops, 
slightly better stands are secured by seeding alfalfa alone. 

Early spring seedings after cultivated crops, either with or without 
companion crops, have the advantage of an assured supply of moisture 
for early growth. Seedings made in summer give ample time for thorough 
preparation of the seed bed. 


SEEDING ALFALFA AFTER EARLY CASH CROPS. 


Such crops as early potatoes, sweet corn and canning peas usually 
leave the land in excellent condition for seeding alfalfa. After early 
potatoes the land should be harrowed and rolled before seeding. After 
peas and sweetcorn the land can be prepared best by discing. If these 
crops are harvested before late July, alfalfa may be planted with a fair 
degree of safety. A good return may be secured from the land, and 
alfalfa seeded the same season. 

Seedings made in early spring with peas at time of planting are also 
frequently successful. The practice of seeding in standing corn at last 
cultivation is usually unsatisfactory, but in years when rainfall is plen- 
tiful after seeding and autumn is favorable, good stands may result. 

Vetch seeded at rate of 10 or 15 pounds at time of seeding alfalfa 
will give a much greater first cutting than alfalfa alone. The vetch dis- 
appears after the first eutting. 
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SEEDING IN PASTURE MIXTURES. 


It is a good practice to include a pound or so. of inoculated alfalfa seed 
in all pasture and meadow seedings. The value of the pasture is in- 
creased and the presence of occasional vigorous plants in following years 
indicate the areas of fields adapted to alfalfa, and will aid in insuring 
thorough inoculation of these areas, so that when seeded entirely to 
alfalfa, the soil will carry the proper bacteria for nodule formulation. 


THE RATE OF SEEDING. 


The amount of seed which has given success ranges from ten to twenty 
pounds per acre. Where planted under excellent conditions if seed is 
of high germination, ten to twelve pounds will give a sufficient stand. 
Since these conditions cannot always be secured it is usually advisable 
to use fifteen pounds per acre. 


THE SEED TO PLANT. 


The varieties, or strains of alfalfa best adapted to Michigan are varie- 
gated strains such as the Grimm, Baltic and Cossack. Regional strains of 
common alfalfa which have produced seed for a number of years in north- 
ern states or regions of similar climatic conditions rank next in value. 
The U. S. imports annually a large amount of Turkestan seed. Plants 
from this seed are extremely short lived under Michigan conditions. 
Fortunately, this seed is characterized by the appearance of the white 
seeds of the Russian nap weed, a tooth-shaped seed somewhat larger 
than alfalfa seed, and chalky white in color which 1aakes it easily 
recognizable. Such seed does not prove successful in Michigan. Per- 
uvian and Arabian seed is imported in considerable amounts, chiefly for 
growing in southern California and the Gulf States. This seed produces 
plants which are adapted only to mild climates and which are short-lived 
under our conditions. 

At the present time there is not sufficient Grimm, Baltic, and Cossack 
alfalfa produced to supply the market demands. <A large part of the 
alfalfa planted in Michigan must be common alfalfa, produced in the- 
United States. Those ordering seed should insist on knowing the locality 
in which it was produced, and should secure American grown seed, pre- 
ferably from the northwest or grown no farther south than Kansas. 

The variegated strains such as Grimm, Baltic and Cossack are ehar- 
acterized by closely set and branching crowns, and by greater develop. 
ment of roots with a tendeney toward branching. This type of crown 
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Alfalfa on farm of Mr. John Hull of Dimondale, showing difference between Grimm and 
Common Alfalfa. County Agent, Farrand (left) standing in the Grimm and Mr. Hull (right) 
standing at the edge of it, but in the common alfalfa. Picture taken June 3, -L9L8; by: 
Dr. Eben Mumford. 


and root does not heave or winter-kill as badly as the straighter rooted 
and higher crowned common alfalfa. 

These variegated strains are crosses of the ordinary purple tlowered 
alfalfa (Medicago sativa) and the hardier, though smaller yellow-flower- 
ed sickle alfalfa (Medicago fae cata). A variety of colors, purple cream, 
yellowish, ete., appears in the bloom. Common alfalfa is purple or blue 
flowered. 

The great advantage in northern strains is not always apparent during 
the first or second year, but usually shows markedly in the superior 
yield produced from these strains during subsequent years. 

Seedsmen are already quoting prices on Michigan grown seed, and 
report the production in Michigan of between one hundred and two 
hundred bushels in 1918. While this is a small start, the fact is demon- 
strated that the production of alfalfa seed is possible commercially 
under our conditions. 

The work of Plant Breeder, F. A. Spragg, Michigan Agricultural 
College, has demonstrated that large yields of seed can be secured with 
fair dependability under Michigan conditions, and indicates that there 
are great possibilities in the development of seed producing strains, 
particularly on light soils. . 

As a general rule, the second crop is taken for seed. One of the chief 
reasons why seed production has not been more extensive is that most 
farmers growing alfalfa prefer to secure the second crop for hay with 
a chance for a third crop. If allowed to go to seed the second cutting, 
and snally the third is lost for hay purposes, A yield, howeyer, of 
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Harvesting alfalfa nursery at M. A. C. Plant Breeder F. A. Spragg has developed several 
promising seed strains. 


two or three bushels of seed per acre will often more than pay for the 
sacrifice of the hay. Michigan alfalfa growers should willingly pay more 
for this seed. 

Higher yields of seed can be secured by planting at the rate of two 
to four pounds per acre in rows twenty-one inches apart, and cultivat- 
ing during the first season. Without doubt, alfalfa production in Michi- 
gan would be on a much more stable footing were an ample supply of 
native, adapted seed produced within the State. In favorable seasons 
for seed production, old stands which have become thin, will seed fairly 
profusely and may be most profitably handled as a seed crop. 

In ordering alfalfa seed for planting in Michigan, insist upon seed of 
American origin, or produced under conditions similar to, or more rigor- 
ous than, those existing in Michigan. Seed from Minnesota, the Dakotas, 
Montana and Idaho or native grown is best adapted. The State Seed 
Analyst, East Lansing, Michigan, will make a complete analysis of 
samples submitted at a charge of twenty-five cents per sample. Inspec- 
tion is made free of charge. 


SECURING INOCULATION. 


Inoculation is necessary on soils where successful stands of alfalfa or 
sweet clover have not been grown previously. If plants of thrifty, well- 
established alfalfa are carefully dug up and the roots gently washed free 
of soil, small nodules will be found singly or in clusters on the roots. 
These nodules are the homes of countless nitrogen gathering bacteria, 
and through their aid the alfalfa plant is able to make use of atmospheric 
nitrogen. The bacteria found on alfalfa and sweet clover are similar and 
are interchangeable, but those found on clovers and other legumes are 
not suitable for inoculating alfalfa. On soil rich in nitrogen alfalfa may 
make a fairly successful growth without inoculation, feeding on soil 
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nitrogen, but for greatest success and in order to benefit the soil, thorough 
inoculation is necessary. 

The most convenient way of insuring the presence of these bacteria in 
soils from which they are probably absent is the culture method. Small 
bottles of pwre culture for alfalfa inoculation can be secured from the 
Department of Bacteriology, Michigan Agricultural College at twenty- 
fiwe cents per bottle. One bottle is sufficient for a bushel of seed. In 
ordering, mention the date when you desire to make your seeding and 
fresh culture will be forwarded for that date. Directions for use ac- 
company the bottle. 

Another method, possibly more effective though not as convenient, is 
the soil inoculation method. Soil is taken from a field of thrifty, well- 
inoculated alfalfa or sweet clover from a layer just beneath the surface 
toa depth of four inches. It is best to shovel aside about one inch of sur- 
face and take for use a layer from one to four inches in depth. This 
soil should not be exposed to sunlight, and if somewhat wet, may be 
put in condition by spreading out to dry in a cellar, on a barn floor, 
_or in a shaded room where sunlight will not injure the bacteria. When 
in condition, this should be spread broadcast or applied through fertilizer 
attachment or drill in the evening, or on a rainy or dark day, following 
immediately with harrow to cover the newly applied soil, unless a gentle 
rain should follow, or it may be applied at time of seeding through the 
fertilizer attachment. Applied through fertilizer attachment several 
hundred pounds per acre of inoculated soil is sufficient. To secure even 
distribution by broadcasting, a wagon load or more is needed. 

Once a field is successfully inoculated, it appears that inoculation will 
remain for many years provided soil conditions remain favorable. How- 
ever, in view of the ease of inoculating it is advisable to make sure and 
to inoculate the seed or soil when planting on soil which has not grown 
alfalfa successfully, or not for a long period. 


THE CARE OF ALFALFA MEADOWS. 


During the first season, in the case of spring or early summer planted 
alfalfa, the growth of pigeon grass and weeds may be sufficient to war- 
rant clipping. In this case the mower bar should be set high, six or 
eight inches, so as to clip as little of the alfalfa as possible, and the 
clippings allowed to lie on the ground. It is seldom that sufficient growth 
is made to warrant making a hay crop the first season. If a growth of 
a foot or more is secured it is advisable to clip in late summer with the 
mower bar set high allowing the clippings to lie on the ground. Clip- 
ping is also advisable when leaf spot, a fungous disease of alfalfa, causes 
the leaves to turn decidedly yellow and begin to drop. Pasturing should 
not be permitted during the first season. On areas of the field which 
are particularly exposed, or where winter-killing is likely due to poor 
drainage or lack of organic matter the application of light dressings of 
well rotted manure, three or four tons per acre, in late fall or early 
winter will aid in preventing heaving and winter killing. A heavy ap- 
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plication may do more harm than good. If sufticient manure is available 
such treatment of the entire field is advisable. Well-rotted or composted 
manure is best since not so likely to introduce grass or weed seeds. 
Seedings made in late June or during July need no other attention than 
the light top dressing of areas likely to winter-kill. 

During the second season the first cutting for hay will be available 
during late May or early June. It is advisable to cut when small shoots 
begin to appear at the base of the stems. At this time alfalfa is usually 
from one-tenth to one-fifth in bloom. One of the most successful ways 

. of curing alfalfa is to cut during the morning and allow to lie on the 


Alfalfa hay cures best in small cocks. Even under favorable conditions, good hay may 
be made by opening and recocking after rains. Hay caps make curing even more dependable. 
In exceptionaily fine weather, successful curing may be accomplished in windrows. The use 
of hay loading and stacking machinery is becoming general on large alfalfa farms. 


ground until wilted in the swath. It should then be raked into windrows 
by the use of the side-delivery or sweep-rake. Usually it is ready to rake 
late in the morning following. On very hot, dry days when curing is 
rapid it may be raked up the afternoon or evening of the day on which it 
is cut. Under favorable conditions alfalfa may be cured in windrows, 
but it is safest to throw into cocks immediately so that the curing may 
take place under more certain conditions. Fairly green alfalfa, wilted 
sufficiently to allow raking, which is cocked immediately, usually cures 
into excellent hay even under adverse conditions. After a rain it takes 
but an hour or so to open the cocks of an acre or more and to throw them 
together after drying. Alfalfa should never be allowed to dry in the 
swath to the extent that the leaves fall off easily. The leaves furnish 
the most valuable part of the hay, and pound for pound are almost equal 
in feeding value to bran. By allowing to wilt in the swath and raking 
into windrows or throwing into cocks the leaves continue to transpire 
moisture and dry the stems. Though alfalfa may be handled with 
less loss by using the fork in all operations of curing and stacking, it 
is nevertheless usually more practical and economical on large alfalfa 
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farms to rake with the side-delivery rake, pick up with the self-loade:, 
and stack with fork or slings. 

The use of hay caps on the cocks during curing insures a better color 
and quality of hay, and will prevent loss during unfavorable conditions. 
Canvas caps, about three and one-half or four feet square with corners 
weighted with pieces of metal, or cement balls, or carrying stakes on 
strings which may be thrust into the cock, will effectually shed rain 
and insure proper curing. 


Still productive after nine years of successful hay crops. Usually alfalfa fields should be 
plowed or pastured at from four to six years after seeding. 


Two cuttings are usually secured during the second season, or if the 
year is very favorable, three will be secured. The third and following 
seasons, three cuttings are usually secured and occasionally in very 
favorable years four may result. Usually during the third and fourth 
season June grass will make its appearance. At that time it is advisable 
after removing the hay crop to cultivate with spring-tooth or spike-tooth 
harrow in order to drag out the June grass. The too drastic use of the 
spring-tooth may injure alfalfa, but if properly used the June grass with 
its surface root system will suffer much more injury than the alfalfa 
with its deeply anchored tap root. While alfalfa fields ten years or more 
in age, and still producing successfully are occasionally to be found 
in Michigan, it is usually advisable after the fourth or fifth year to turn 
under an alfalfa sod, and follow with cultivated crops, or these crops in, 
an ordinary clover rotation, for a period of four or five years before 
reseeding to alfalfa. Alfalfa sods are often followed with cultivated 
crops for several years, reseeding to alfalfa alone or with barley or oats 
as a companion crop. 
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ALFALFA EN ROTATION. 


Alfalfa is not likely to supplant red clover and alsike, or clover and 
timothy mixtures, in-Michigan rotations but will strongly reinforce these 
crops. Asa general rule, alfalfa is seeded with the intention of allowing 
it to remain for from four to six years, or as long as it will produce 
hay successfully. Often only portions of Michigan farms are adapted 
to its profitable culture, and the expense of draining and liming is fre- 
quently considered too great to apply to more than a comparatively small 
area at one time. Owing to these facts, alfalfa should be considered a 
crop to grow in connection with the ordinary clover rotation, which 
usually occupies the greater area of the farm. After from four to six 
years alfalfa is usually sod-bound, and after a year of pasture is turned 
under to be followed by corn and other cultivated crops. The growing of 
alfalfa for a period of years puts land in excellent condition for crops 
of corn, beans, or potatoes, and after these crops alfalfa may be again 
seeded either alone or with small grain as a companion crop. It is possi- 
ble to divide that portion of the farm suited to alfalfa into a proper 
number of fields for the alfalfa rotation, or the alfalfa may be followed 
by four or five years of crops grown in an ordinary clover rotation. 
-Common weeds give little trouble after alfalfa is once established, owing 
to the frequent cuttings. Seeding land infested with Canada thistles, 
to alfalfa, is an excellent way to get rid of this pest. June grass and 
quack grass, however, are the great enemies of alfalfa, and unless land is 
fairly free of these grasses, will greatly shorten the period of profitable 
production of the alfalfa field. 

Additional Michigan Experiment Station Publications of interest to 
alfalfa growers.— 

Bul. No. 271—Alfalfa Growing in Michigan, 1913. 

Popular Bul. No. 284—Phosphorus on Michigan Soils, 1919. 

Exp. Sta. Bul. No, 91—Information on Lime and Its Use and Fune- 
tion in Soils, 1918, 
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As pasture for growing hogs, a good stand of alfalfa is unexcelled. 
(Animal Husbandry Section, Michigan Experiment Station Pasture Experiments 1916.) 


WHY GROW ALFALFA. 


To get the largest yield of the best hay per acre. 

To reduce feed bills. 

To increase production of meat and milk. 

To increase the humus and nitrogen content and to improve the condt- 
tion of the soil. 

To eradicate Canada thistles and other weeds. 


HOW TO GROW ALFALFA. 


Plant only on well-drained fields. 

Prepare seed bed thoroughly. 

Apply ground limestone, marl, beet factory lime, or hydrated lime. 

Use acid phosphate or rock phosphate, and manure to increase yield. 

Inoculate soil where alfalfa or sweet clover has not been grown suc- 
cessfully. 

Plant hardy northern grown strains. 

Cut for hay when shoots show at crown. 

Wilt in swath and cure in windrows or cocks. 

Harrow old stands after cutting to retard June grass. 


WHERE TO GROW ALFALFA. 


Where more leguminous hay is needed than clover will supply. 
On any Michigan soils which are 

Well drained ; 

Well supplied with lime; 

Where June grass and quack grass are under control. 


WHERE NOT TO GROW ALFALFA. 


On poorly drained or seepy soils. 

On acid soils or soils needing lime. 

Where the cost of liming, draining and fertilizing is too great. 
Where June grass and quack grass are unsubdued. 


PLANTING THE RURAL SCHOOL GROUNDS 


Circular No. 36 


BY C. P. HALLIGAN 


General Aim 


Any plan for the improvement of the school grounds should first of all 
be simple. No elaborate or pretentious effects should be attempted in 
their development. The primary aim should be to retain and increase the 
natural beauty of the surrounding scenery, making the grounds a beauty 
spot in the rural landscape, rather than a formal, artificial, or imported 
element in the scenery. A school ground should possess the same general 
character of beauty as is indigenous to the neighborhood, making it appear 
not as something separate and distinct from the surroundings, but as an 
attractive and pleasing portion of the general landscape. 


Use of Native Plants 


For these reasons the trees, shrubs, and plants that are used to develop 
the rural school grounds can well be of the kinds found in the neighboring 
fields and woods. Such plants will be naturalistic and harmonious in the 
landscape, and better adapted to the climatic and soil conditions of the 
place than some exotic plants that might be purchased from a nursery. 

Therefore, the expense that might be incurred in purchasing plants for 
the work should not detain ambitious teachers from developing the school 
grounds. Nursery plants of the kinds most adapted to the conditions are 
easier to transplant successfully because of their more branched and 
fibrous root systems, but similar kinds from the fields may be successfully 
transplanted if the work is carefully and properly done. 

The interest and enthusiasm of children may be aroused for this work 
by arranging field excursions in the early spring,—which is the season 
when the plants should be transplanted,—to fields and woods, where they 
may be found, and where under the teachers’ direction they may be care~ 
fully dug and then transferred to the school grounds. The earlier in the 
spring this work is done, the better are the chances of success. The aim 
in digging should be to retain as many of the roots as practicable and to 
keep them moist and protected from exposure to sun and wind. In so far 
as it is sometimes difficult to identify many of the plants in early spring 
when there is no foliage upon them, it is often desirable to have field 
excursions in the early fall while the leaves are still on the plants and to 
mark such plants as are desired for spring planting. Such an excursion 
could be made in connection with a lesson in botany or nature study 
work. ; 

The Planting Plan 


Before the planting is started a plan should be drawn to a definite scale 
(say of 1” to 10’), showing the size and location of all existing buildings, 
walks, drives, plantings and boundaries of the property. With this data 
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as a basis a complete planting plan of the property may be made. ‘The exe- 
cution of the plan then may be gradual. The most important parts may 
be developed first and the others as circumstances permit. Such a plan 
will then serve as a definite record for future reference, and will tend to 
insure the progressive development of the scheme that otherwise might be 
forgotten. 

} Where to Plant 


Trees should be planted about the boundaries of the property for shade 
and general protection against the winds; also in the rear of the buildings 
to produce a proper back ground. The trees may be arranged to enframe 
the building and to hide undesirable views either within or without the 
property. 

Hardy shrubs are especially desirable in masses or groups about the 
boundaries of the lawn, and about the foundation of the school building ; 
also in front of the out-buildings and other undesirable elements, as 
screens, and sometimes as a hedge to take the place of an undesirable 
fence. 

Vines may be used to cover walls, fences, out-buildings, banks or may be 
trained -about the entrance of the porch. With wooden buildings they 
should not be used to cover the sides of, the structure as they are very 
apt to induce the wood to decay. 


Rules for Planting 


The following general rules should be observed in planting: 

1. Preserve as many of the fibrous roots as possible. 

2. Expose the roots as little as possible to the drying influences of the 
sun and wind. 

>». Prepare the roots for planting by cutting away the bruised and 
broken portions. 

4. Plant an inch or two deeper than the plant stood in the field. If the 
soil is very sandy, the plants may be set two to four inches deeper. 

». Dig the hole in which the plant is to be set deep enough to receive 
two or three inches of fine top soil before putting the plant in place, 
and make it wide enough to allow the roots to spread in their 
natural position without crowding. 

6. See that good friable surface soil is firmly packed beneath TES over 
the roots. 


Native Plants Available 


A suggestive list is here given of the more common native plants, that 
may be available in neighboring fields, for improving the rural school 
grounds: 


NATIVE TREES 


Sandy Soil Medium to Heavy Soils 
Jack Pine Sugar Maple Kim 
White Pine White Spruce Red Maple 
Carolina Poplar - White Oak Linden 
Red Oak Beach Alder 


Sassafras White Cedar Hemlock 
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Swamp Oak 
Peach-leaved Willow 


Tulip tree 
Tron-wood 


Large-toothed Aspen 
White Birch 


Red Cedar American Ash Black Willow 
Hawthorn Black Walnut Flowering Dogwood 


Sycamore Sheepberry 
Hop-tree 


NATIVE SHRUBS AND Herpaceous PLANTS 


Prairie Rose (Rosa Setigera) Red Dogwood 


Staghorn Sumac 

Dwarf Sumac 

Sand Plum 

Prairie Willow 

Bush Honeysuckle 
Common Juniper 

Trailing Juniper 

Sweet Fern 

Common Braken Fern 
New Jersey Tea 

Wild Rose (Rosa Humilis) 
Red Elder (Shade) 

Wild Rose (Rosa Carolina) 
Black-berried Elder 

Hazel 

Button Bush 


Bitter Sweet 
Honeysuckle 
Wild Grape 


Winter Berry or Black Alder 
Shad Bush 

Spice Bush 

Willows (Several native varieties) 
Flowering Raspberry 

Black Haw 

Arrow-wood 

Hardhack 

Meadow Sweet 

Bladdernut 

Snowberry 

Indian Currant 

Sweet Gale 

Christmas-fern (Shade) 
Ostrich-fern (Shade) 


NATIVE VINES 


Virginia Creeper 
Moonseed 


RASPBERRY CULTURE 
Circular No. 37 


BY R. E. LOREB 

The raspberry is well adapted to cultivation in Michigan and in some 
sections of the state ranks high among the small fruits as a commercial 
crop. Conditions are ideal in many localities for raspberry growing and 
they should be more commonly grown both as a market and as a home 
garden product. In many towns and cities of the state the demand for 
raspberries in a fresh state far exceeds the supply. Such markets furnish 
excellent opportunities for those who are fortunate enough to have a 
nearby location and sufficient labor to harvest and care for the crop. More 
raspberry plantings should be made in farm and suburban gardens and 
there are many city gardeners who could well afford to devote some space 
to their cultivation. Their culture is comparatively easy and with ordin- 
ary care and attention small plantings often supply an abundance of 
fresh fruit for the table in season and some surplus for canning and pre- 
serving for winter use. Profitable crops may be expected the second or 
third year from the time of planting, and the plantation should remain in 
a profitable condition for several years depending upon the care which 
it receives. 

While success in raspberry growing depends very largely upon the in- 
dividual care and attention of the grower, much depends upon the soil and 
location of the plantation. Nearness to market or shipping point is an 
important factor in commercial growing. The fruit is soft and must be 
marketed quickly and with little handling. Considerable labor 1s also 
necessary for harvesting the crop. The most profitable plantations are 
those which are located near the larger towns and cities where the product 
can be marketed quickly and economically, and where pickers can be 
easily secured. 

SOIL AND LOCATION 


Raspberries may be grown on almost any well drained soil. A sandy 
loam or clay loam is best. An abundant moisture supply is most impor- 
tant. The surface soil must be deep and well supplied with humus and 
should be underlaid with a porous yet retentive subsoil which will keep 
the water table near the surface. Shallow soils especially if lacking in 
humus often dry out quickly. They should be made deeper and improved 
by the use of cover crops and stable manure. Raspberries do not thrive 
on wet soils or those which do not allow excess moisture to drain off quick- 
ly. They require large amounts of moisture, especially during the fruiting 
season, yet easily suffer from any excess of moisture in the soil. The soil 
should always be moist and very retentive to secure the best results but 
should never be wet. 

Whenever possible a slightly sloping site somewhat higher than sur- 
rounding lands should be chosen. Low lands or valleys which have no 
natural outlet for the heavy cold air which settles in from higher levels 
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should be avoided. Raspberries grown on such lands are more subject to 
injury from late spring frosts and the canes are more often killed by 
severe winter freezing than those grown on higher and more favorable 
situations. Hill tops or steep slopes are undesirable as much fertility may 
be lost and the plants injured by excessive washing of the soil. Northern 
exposures are often preferred, though not necessary. They are cooler and 
less subject to drouth and larger and finer berries are secured. 


Fig. 2.—The red raspberry is propagated from suckers which arise from underground stems. 


PLANTS AND PLANTING 


Propagation. New plants may be purchased from a reliable nursery- 
man or they may be secured from established plantations. 

The red raspberry is commonly propagated from the suckers or shoots 
which spring from underground stems. These may be dug up and used for 
new plants. The best plants to use are the young shoots which come up 
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in the fall after cultivation or early in the spring. They should not be 
pulled from the soil but carefully lifted with a spade, otherwise the young 
shoots will be broken from the underground stem with but few small roots 
attached. 

The black raspberry is propagated from rooted tips. During late 
August the long canes bend to the ground where, if undisturbed, they be- 
come rooted and produce new plants. The tips are often covered with 
soil during cultivation and take root, but if a considerable number of 
plants is desired it may be necessary to bury the tips with a hoe or spade 
to insure contact with moist soil until good roots are produced. The 
rooted tips may be dug in late fall, or better still, left in the ground until 
the next spring. They are removed by cutting off the parent cane a short’ 
distance above the new plant and carefully lifting to avoid unnecessary 
breaking of roots. Better plants may be secured from young plantations. 
They are usually more vigorous and free from disease than those taken 
from older plantations.* 


Fig. 3—The black raspberry is propagated from rooted tips. 


Preparation of the Soil. Plants should not be set on newly broken sod 
land. The soil should be well fertilized and cultivated and all weeds and 
grass thoroughly subdued. It is advisable to grow a hoed, or cultivated 
crop on the land the year previous to planting. The soil should be plowed 
deeply and harrowed until it is in a fine mellow condition for planting the 
same as for any other crop. Young plants set in well prepared soil become 
established more quickly and less work will be necessary in caring for 
them during the first and succeeding seasons. 


Time of Planting. The best time for planting raspberries is in early 
spring. It is usually safer, and better plants of the black raspberry can 
be secured. Red raspberries may be planted in the fall on the lighter 
types of soil but if done some form of mulch should be provided for protec- 
tion and to prevent heaving from the soil by frosts. 


*See plant diseases on page 611. 
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Distance of Planting. Raspberries may be grown in hills and the culti- 
vator used on all sides of the plants, or they may be grown in more or less 
solid or continuous rows and the plantation cultivated in only one direc- 
tion. 

When grown in hills a distance of five feet apart each way is satis- 
factory, though they are sometimes planted closer. The hill system has 
the advantages that less hand work is necessary to keep suckers and weeds 
under control; more sunshine and air reaches all parts of the plant; the 
fruit is more easily picked ; and larger and finer berries are secured. 

Both the black and red raspberries are commonly grown under the row 
system. The plants should be set three feet apart with a space of six to 
eight feet between the rows. Unless space is limited or land values high, 
the latter distance is recommended. The plantation should be cultivated 
in both directions the first season or sometimes longer until the plants 
begin to fill in the spaces, after which the cultivator is run in only one 


direction. 


Fig. 4——Well rooted raspberry plants ready for setting. Black raspberry at the left, red 
raspberry at the right. 
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Setting the Plants. The canes of the new plants should be cut back to 
about six inches in length at the time of planting. They should be set 
some deeper than they originally were in the soil. Red raspberry plants 
may be set as much as three or four inches deeper, but care must be taken 
not to cover plants of the black varieties too deeply or the tips may be 
smothered. They should be set so that the tips are not covered with more 
than two inches of soil. It is best to set the plants in the bottom of a 
furrow about four inches deep and cover them at first to a depth of one or 
two inches, later filling in the furrow by cultivation as the new shoots 
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develop. This leaves the crown of the plant well below the surface of the 
soil, so that they suffer less from drouth and the canes are less liable 
to be blown over than when they are planted shallow. The plants should 
be set in such a manner that the tip or bud in the center of the mass of 
roots is in an upright position regardless of the position of the piece of 
old cane which is attached. Handle the plants carefully. The tips are 
tender and easily broken. Do not expose the plants unnecessarily to the 
wind and sun. Be sure that the soil is well firmed about the roots and 
finally cover with a little loose soil to prevent evaporation. 


CULTIVATION 


Thorough and clean cultivation is essential. Grass and weeds must be 
kept out of the rows and the surplus suckers of the red raspberry destroy- 
ed. The soil should be plowed shallow and prepared early in the spring 
and kept in a loose friable condition during the season by frequent stir- 
ring. Use the cultivator or harrow as soon as possible after each rain and 
at least once each week during dry seasons to,conserve moisture. Deep 
tillage should not be practiced as many roots are thus injured and suckers 
of the red raspberry become more numerous and difficult to control. Cul- 
tivate just deep enough to break the crust and keep a loose mulch on the 
surface at all times. Some cultivate deeply at first to force the lateral 
roots to form at a considerable distance below the surface. Shallow cul- 
tivation later prevents excessive sprouting because the deep laying per- 
manent roots are uninjured. Usually cultivation is discontinued with the 
beginning of the picking season but it is often beneficial, especially in dry 
time, to loosen the soil between the rows after each picking. This is per- 
missible, if it can be done without knocking off the fruit or injuring the 
plants. One or two cultivations after the fruit is harvested may be neces- 
sary to clean up the patch and loosen the soil after which a cover crop 
should be sown to be turned under the next spring. Late fall cultivation 
tends to induce a new growth which may not fully mature and may 
therefore be more easily injured by winter. 

Mulching each year with several inches of straw, leaves, or marsh hay 
may be substituted for cultivation and is often profitable, but on account 
of the high cost and difficulty of securing suitable mulching material the 
operation is not often practiced except in the small patch. It is of 
special value in the home garden. Moisture is often conserved as well as 
by cultivation; the soil is constantly improved and better crops of berries 
often secured. 


FERTILIZERS 


Well rotted stable manure is the best fertilizer for raspberries. Stable 
manure not only adds plant food to the soil, but furnishes large amounts 
of humus which improves the texture and physical condition of the soil 
and increases its water holding capacity. 

The amount to apply depends upon the type and previous preparation 
of the soil. On good soils which have been well prepared an annual appli- 
cation of about ten tons per acre is recommended. On the lighter types of 
soils, heavier applications of fifteen to twenty tons per acre may be neces- 
sary. 
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When stable manure can not be easily obtained, cover crops may be used 
to keep up the humus supply. Oats sown at the time of the last cultiva- 
tion, or about the middle of August, at the rate of two bushels per acre 
will provide a good supply of organic matter to turn under the next 
spring. Clovers, vetch, or rye may be used providing they are drilled in 
between the rows and turned under very early in the spring. Otherwise 
they may become established among the plants and considerable hand 
labor may be necessary to eradicate them. 


Fig. 5.—Black raspberry plant before and after pruning in the spring. 
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Commercial fertilizers may be used to supply the mineral elements to 
the soil. They should contain relatively high percentages of phosphoric 
acid and potash with nitrogen in a slowly available form. Large amounts 
of quickly available nitrogen either in the form of commercial fertilizer or 
stable manure often induces an excessive cane and leaf growth and lessens 
fruit production. 

When no stable manure is applied and cover crops used to supply 
humus, an annual application in the spring of equal parts of ground 
bone, acid phosphate, and muriate of potash, applied at the rate of 500 
pounds per acre, is recommended. If desired to supplement light applica- 
tions of stable manure, an application consisting of 200 pounds of bone 
meal or acid phosphate and 100 pounds of muriate of potash may be used. 


PRUNING AND TRAINING 


The fruit of the raspberry is borne on lateral or side shoots from canes 
of one season’s growth. The canes usually bear but once, that is, the canes 
are produced one year, bear fruit the next, then die. The objects of prun- 
ing, therefore, should be to remove all old canes which are of no use in the 
plantation, and to provide a proper number of new canes for the produc- 
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Fig. 6—A well grown black raspberry plant. Only 3 to 5 of the best canes are left for fruiting. 
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tion of fruit the following season. Some growers do not remove the old 
canes until winter or until the pruning is done early in the spring. It is 
best to cut them out immediately after all the fruit is picked. They should 
be removed from the patch and burned. Insects and diseases are in this 
way better controlled and the new canes are provided with better condi- 
tions for development. 


Black Raspberry. During the summer the new growth of the black rasp- 
berry is pruned by pinching out the tips of the young growing canes when 
they are about 18 to 24 inches high. This checks the terminal growth and 
induces the development of low, stocky, well-branched plants which will 
stand erect and need no support. Be sure to pinch back the canes as soon 
as they have reached the desired height. In order to do this it is usually 
necessary to go over the patch several times during the growing season as 
all the canes do not appear at the same time. Weaker plants result if the 
canes are allowed to grow beyond the desired height and eut back later. 
In the spring the canes should be thinned out leaving only 8 to 5 strong 
canes to each plant, and all lateral or side shoots cut back to 12 to 18 
inches in length. 


Tig. 7.—Cuthbert red raspberry. Rows too wide and canes not properly thinned. 


Red Raspberry. The pruning of the red raspberry consists of removing 
all old canes at the close of the picking season and thinning out the new 
growth. The new canes are not tipped back, but allowed to grow as they 
will. Proper thinning and spacing of the new canes is important. Most 
varieties produce suckers very freely from the underground stems and if 
all are allowed to grow, the plants become crowded and the ground soon 
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becomes covered with sucker plants. All suckers and weak canes should 
be cut out and if they are kept in hills not more than 5 to 7 of the best 
canes should be left in each hill to produce the next season’s crop. They 
are most commonly allowed to fill in the spaces between the original 
plants forming a solid row or hedge. The hedge-rows should not be al- 
lowed to become more than 10 or 12 inches wide and the canes should be 
well spaced so they will stand at least 6 or 8 inches apart. All suckers 
which appear outside the limits of the row or hill should be treated as 
weeds and destroyed by cultivation, or if necessary, chopped off with the 
hoe. No pruning back is necessary in the spring unless the canes are 
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Fig. 8—Cuthbert red raspberry. The canes are well spaced in the row. 


very tall or weak and no support is provided for them. They are then 
cut back to a height of 4 to 5 feet so that they will support a crop of fruit. 

Both the black and red raspberry are pruned and trained so that under 
ordinary conditions no wires or trellising are necessary. There are some 
advantages if the canes are provided with some artificial means of support 
and it usually pays. The canes are kept up out of the way making cultiva- 
tion easier, the fruit is more easily picked and there is less loss of fruit 
from becoming covered with soil or splashed with dirt by rains. When red 
raspberries are grown in hills a strong stake should be set in the center of 
each hill and the year old canes tied to it. When grown in rows the bear- 
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ing canes may be kept erect by tying them to a single wire which is 
stretched about four feet high on posts set about 20 or 30 feet apart in the 
rows; or two wires, one at three feet and one at five feet, may be used in 
making this kind of a trellis, and the canes tied to both the upper and 
lower wires. A very simple and satisfactory form of trellis may be made 
by nailing cross pieces,about fifteen inches in length to posts. Wires are 
stretched from the ends of the cross pieces, one wire on each side. The 
plants grow up between the wires and are supported by them. When the 
black raspberries are properly summer pruned, the canes become very 
sturdy and self-supporting and a trellis is considered unnecessary. It is 


Fig. 9.—Cuthbert red raspberry grown in accordance with the hill system. 


sometimes an advantage to place a stake near each plant and tie the canes 
to it, or if desired the two wire trellis just described will be found very 
_satisfactory. 


HARVESTING 


The raspberries should be handled carefully to avoid bruising. The 
bushes should be picked over often. During the height of the season, pick- 
ing at least every other day is necessary. The berries should be firm but 
not over ripe to reach the market in good condition. In the home garden 
the fruit may be left on the bushes until quite ripe and a much higher 
flavor and quality will develop. Never pick when wet unless for imme- 


610 STATE BOARD OF AGRICULTURE. 


diate use. Keep the fruit shaded in the patch and remove to a cool place 
or market them as soon as possible. ‘The berries should be picked directly 
into the boxes in which they are to be sold and packed without further 
handling into crates. Both the black and red varieties are commonly 
sold on local markets in quart boxes. Pint boxes are often preferred for 
the reds and should be used if they are shipped to a distant market. 


DURATION OF PLANTATION 


The number of crops which may be taken from the plantation is deter- 
mined very largely by the care given it by the grower and the prevalence 
of insects and diseases. The average life of black raspberry er tions is 
about 5 to 7 years and that of the red raspberry 8 to 10 years. They may 
be kept in bearing longer but it is often not profitable to do so. Whenever 
diseases and insects become very troublesome and weeds and grass diffi- 
cult to control, the plantation should be destroyed and new plantings 
depended on for future crops. 

INJURIOUS INSECTS 
Approved by the Department of Entomology. 

Tree-cricket. The presence of this insect is known by the rows of egg 
punctures. These are often so close together that they make an almost 
continuous slit two or three inches long, running lengthwise of the cane. 


The rows of punctures tend to either kill the upper part of the cane or 
weaken it so as to prevent the proper development-of the fruit. This 


Fig. 10.—Black raspberries in the home garden. Bearing canes tied to stakes, 
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insect may be controlled by collecting the canes containing the eggs and 
burning them. 


Raspberry Cane-borer. During June and July these insects appear and 
work on the new growth a few inches from the end of the canes. The 
female insect makes two rows of punctures around the cane about one-half 
inch apart between which the egg is laid. The girdling causes the tip to 
wilt. The egg hatches and the larva bores down through the pith, usually 
causing the death of the cane. As soon as the tips in which the eggs are 
deposited are noticed they should be cut off below the girdle or tunnel and 
destroyed. Prompt removal of the canes at the end of the fruiting season 
will also aid in keeping this insect under control. 


Raspberry Sawfly. A small thick bodied fly which appears in May. The 
female deposits her eggs between the two layers of the leaf. The young 
larvae begin to feed as soon as hatched and at first eat out irregular holes 
and finally the whole leaf. The green larvae may be brushed from the 
bushes during the heat of the day and will often die before they can get 
back to the food plant. Spraying with hellebore used at the rate of one 
ounce to one gallon of water is very effective. 


DISEASES 


Approved by the Department of Botany. 


Croun Gall. This is a bacterial disease which occurs on many fruits 
and is often especially injurious to raspberries. It is easily recognized by 
the galls or knotty growths which appear at the surface of the soil, or at 
some distance above the ground on the canes. When making new plant- 
ings do not set infected nursery stock or take plants from fields where it 
is known to exist. Remove old plants which are infected and burn. 


Anthracnose. A serious and common disease of the raspberry, distin- 
guished by grayish white spots with a purple-colored margin which appear 
most commonly near the base of the canes. Control: Take out diseased 
canes at the end of the fruiting season. Practice clean cultivation. May 
be controlled by spraying with lime-sulphur or Bordeaux mixture. Recent 
experiments show that it can be most satisfactorily controlled with lime- 
sulphur. Three applications should be made. First, in the spring before 
the leaves appear; second, when the new shoots are about six inches high ; 
third, just before the blossoms appear. For the first application the lime- 
sulphur is diluted at the rate of 214 gallons in 50 and for the later applica- 
tions at the rate of 114 gallons in 50. For further particulars see Michi- 
gan Special Bulletin No. 8&8. 


Yellows or Curl. One of the most serious diseases of the red raspberry 
in Michigan. Cause not known. The plants are stunted, sickly, and bushy: 
in appearance. Both healthy and diseased plants may occur in the same 
clump. The leaves are curled and become mottled in appearance. The 
berries on diseased plants usually become dry before ripening or they may 
ripen from ten days to two weeks early. Cannot be controlled by spray- 
ing. Dig out and burn diseased plants. oe 
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Wig. 11.—Two common diseases of the raspberry. Crown Gall at the left, Anthracnose at the 
right. 


Cane-blight. The chief damage is done to the fruiting canes. Causes a 
wilting of the cane and foliage and the berries dry up. Sometimes called 
raspberry cane-wilt. Often only a single branch or a small portion of the 
cane is blighted. In other cases the whole cane may be affected. No 
definite means of control can be given. Remove and burn dead and dis- 
eased canes after the fruiting season and again in early spring. 


Orange-Rust. May be known by the red rust that appears on the leaves 
and sometimes on the canes. Orange-red spots appear on the under side 
of the leaves and they become dwarfed and rolled and finally drop from 
the plant. The plants are stunted but not killed. Dig out diseased plants 
and destroy them as soon as they appear. All wild raspberries and black- 
berries in the vicinity known to be affected should be destroyed. 


VARIETIES OF RED RASPBERRIES 


Cuthbert. The best known and most valuable variety. Grown more 
than all other varieties combined. The bushes are tall, upright, hardy 
and vigorous, and produce fine crops of large conical, bright red berries of 
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excellent flavor and quality. Highly recommended for commercial and 
home planting. 


King. Regarded by some as a valuable variety because of its earliness. 
The bushes are hardy though not as large when grown under the same con- 
ditions as those of the Cuthbert. The canes are stiff and upright and very 
strong growers. The fruit is large, firm, bright red, but must be harvested 
before very mature or it will drop badly. A valuable early sort worthy of . 
trial. 


Herbert. Of Canadian origin. Not grown to any extent in the state but 
worthy of trial. Berries large, conical, bright red, not as firm as the Cuth- 
bert. Ripens a little earlier. Bushes hardy, vigorous, spreading and 
often very productive. 


Miller’s Red. One of the older standard early varieties. Considered by 
some as the best early variety, but it is not satisfactory as grown here. It 
begins to ripen a little earlier than the King but in other respects is ex- 
celled by that variety. 


St. Regis (Everbearing). Berries small to medium, deep red, only fair 
in flavor and quality. Bushes hardy, upright and vigorous. Bears a fair 
crop during the usual season and continues bearing until late fall. Not 
enough fruit is secured at any one picking to be sufficient for marketing 
except from comparatively large plantings. May be planted in the home 
patch to extend the raspberry season but is not recommended for general 
planting in the state. 


VARIETIES OF BLACK RASPBERRIES 


Cumberland. This variety occupies the same place among the black 
varieties as the Cuthbert does among the reds. It is the standard black 
raspberry. The plants are tall, upright, vigorous and hardy and very 
productive. The berries are large, firm and very good in quality and ap- 
pearance. A good shipper. The best mid-season variety for commercial 
or home use. 


Plum Farmer. A new variety which is becoming very popular with 
some growers. The plants are very vigorous, somewhat spreading, and 
very healthy. Thought by some to be less susceptible to anthracnose than 
the Cumberland. The fruit is very attractive, firm, a good shipper and of 
excellent quality. A promising early variety for home or commercial 
plantation. 


Gregg. One of the best late varieties. Very vigorous and productive 
and spreading in habit of growth. The berry is large and firm and is coy- 
ered with a whitish bloom. A valuable late market variety. 


Hoosier. One of the newer varieties which is worthy of trial. The fruit 
is medium to large in size and of good quality. The plants are tall, vigor- 
ous and productive. Hardy. About the same season as Plum Farmer. 


Kansas.. A very good early variety. The plants are hardy but not as 
vigorous and productive as the other varieties named. Has been quite 
extensively planted but is now being replaced by other more promising 

sorts. 
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Eureka. Highly recommended by some as a valuable early variety. 
Has not proved satisfactory under test. The berry is small and often 
crumbly and only fair in quality. The plants are lacking in vigor and 
productiveness as grown on the Station grounds. 


PURPLE RASPBERRIES 


The purple raspberries are hybrids of the black and red varieties. Their 
habit of growth and method of propagation and culture is very similar to 
that of the black raspberry. They are very hardy, vigorous and productive 
and the berries are very good for canning. The most common varieties 
listed are the Columbian, Haymaker, Cardinal, and Shafer. The Colum- 
bian is a very fine variety of this class and is highly recommended. 


YELLOW RASPBERRIES 


The yellow raspberries are very similar to the red varieties except in the 
color of the berry which is a deep yellow. Their culture and method of 
propagation is the same as described for the red raspberry. The Golden 
Queen is the most common variety. It resembles the Cuthbert in shape 
and size of berry and habit of growth. 


CURRANTS AND GOOSEBERRIES 
Circular No. 38 


BY R. E. LOREE 


The currants and gooseberries are not grown as extensively in Mich- 
igan as the other small fruits, yet they occupy an important place in the 
fruit industry of the state. Michigan is one of the leading states in the 
production of these fruits. The climatie conditions are very favorable 
for them and as they are very hardy, they may be successfully grown in 
most sections of the state. They are easily grown and this combined with 
their hardiness and desirability for culinary purposes recommends them 
for planting in the small fruit garden as well as the commercial planta- 


tion. 
LOCATION AND SOIL 


The climatic and soil requirements of the currants and gooseberries 
are very similar. Both are by nature northern plants and in their wild 
state are always found growing in cool moist places. They do not thrive 
in hot dry situations. For this reason the cool northern exposures are de- 
sirable and should be selected whenever possible. Partial shade is an ad- 
vantage and that of an orchard is desirable, but it is not advisable to 
plant currants or gooseberries in an orchard unless the soil is very fertile 
and the bushes are set so that they will not interfere with the care and 
growth of the trees. In the home garden the north side of a building or 
fence is a good location. 

Both the currants and gooseberries will grow and produce some fruit 
on almost any soil. They prefer a naturally cool, moist, fairly heavy 
soil. A deep, moderately fertile, well-drained clay loam which is well 
supplied with humus is best. They also succeed well on strong, moist, 
sandy loams. Light sandy loams should be avoided as far as possible. 
Such soils, if used, should be well built up with stable manure and 
leguminous crops before and after planting. Clay soils are often satis- 
factory if properly handled, but they are difficult to work and require 
heavy annual applications of well rotted stable manure to keep them in 
a loose, friable condition. 


PROPAGATION 


The plants may be secured from any reliable nursery or they may be 
propagated and grown at home. In most cases it is better to purchase 
the needed plants from those who make a specialty of growing them. 
Much time is saved and frequently it is cheaper in the end to buy good 
strong well-rooted plants of a recommended variety than to attempt to 
grow them ina small way. 


Currants are easily propagated from hardwood cuttings, about six 
or eight inches in length, which are taken from well ripened shoots 
of one season’s s growth. They may be taken and planted either in the 
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fall or early spring. It is best to take them in the fall and store them 
over winter in damp sand, sawdust or moss in a cool cellar, or they may 
be tied in bundles and buried upside down so that the butts are covered 
with about three inches of soil in a well drained place out-of-doors. 

They are planted in nursery rows early in the spring, setting them 
about four to six inches apart in the rows and deep enough so that only 
one or two buds are above the surface of the soil. The cuttings root 
quickly and the new plants which result are grown in the nursery rows 
for one or two seasons before they are used for planting. A few plants 
for home use may be propagated from layers. The stems are bent down 
and covered with soil leaving only the tips exposed. This is best done 
in early spring. A good root system will have developed on the buried 
portion by fall. It may then be detached from the old plant and set out 
in a permanent location. 


Fig. 2—Cuttings of Currants and Gooseberries prepared for winter storage. 
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Gooseberries are propagated from cuttings and by layering. The 
method of propagation from cuttings is the same as described for the 
currant. Many varieties do not root readily from cuttings, and they 
are commonly propagated by mound layering. When this is practiced, 
the bushes are cut back severely in the fall. This induces the growth 
of a large number of strong vigorous young shoots the following season. 
About the middle of July, when the shoots have nearly completed their 
growth, soil is heaped up around and through the bushes leaving only 
the tips of the shoots exposed above the mound. Each shoot becomes 
rooted and may then be handled as a separate plant. Shoots of the 
American varieties produce good roots the same season and the separate 
plants may be removed from the mound and transplanted in the fall or 
they may be left until the following spring. Those of the English varie- 
ties require a longer time to produce a satisfactory root system and are 
left in the mound two seasons before separating. The rooted shoots are 
removed from the mounds and planted immediately or more commonly 
they are transplanted to nursery rows and grown for one or two seasons 
before they are used. 

PLANTING 


Soil Preparation. Thorough preparation of the soil is important. The 
land should be well manured and plowed deeply and the soil prepared 
by disking and harrowing until it is in a fine mellow condition to re- 
ceive the plants. Well rotted stable manure applied in the fall or early 
spring and thoroughly worked into the soil in its first preparation helps 
to put it in a good water-holding condition and insures a quick, vigorous 
growth of the plants the first season. In places where manure cannot 
be obtained the soil should be built up by plowing under clover or other 
leguminous crops. Sod lands should be broken up and planted to some 
cultivated crop at least a year before the plants are set. Quack grass 
and other troublesome weeds must be destroyed for there is nothing which 
will run out a plantation of currants or gooseberries quicker than to 
allow quack grass to get in. 


Distance of Planting. The distance of planting currants and goose- 
berries depends upon the fertility of the soil and the habit and vigor 
of the variety grown. They are commonly planted four feet apart in 
rows six feet apart. This allows for cultivation in one direction and 
occasional cross cultivation when necessary to clean out the rows. If 
it is desired to cultivate both ways a distance of five feet apart each way 
is satisfactory for the smaller growing varieties, while six by five, or 
six by six feet will be found a better distance for those of a more spread- 
ing and vigorous habit. Black currants are strong growers and should 
be given a little more space then the reds. 


Time of Planting. The best time to plant currants or gooseberries 
is in the fall, though they may be planted with satisfactory results in the 
spring if the work is done early. The plants may be set any time after 
the leaves drop or the wood ripens in the fall, and if they are set fairly 
early, there is time for the plants to become well established before 
freezing weather sets in. They are then ready to commence growth as 
soon as the first favorable conditions are present in the spring. The 
chief objection to spring planting is that it is liable to be delayed until 


G1S STATE BOARD OF AGRICULTURE. 


after the buds start to grow and the first season’s growth may be seriously 
checked. Plants which are set in the fall or very early in the spring al- 
ways make a much larger growth the first season than those which are 
set after the buds have expanded into leaves. 


Choice of Plants. Hither one or two-year-old plants may be set. Good 
strong, well-rooted one-year-old plants are cheaper and have some ad- 
vantages in setting over the two-year-old plants. The younger plants 
are more easily set; they suffer less from transplanting, and they are 
more certain to make a strong vigorous plant than if left crowded too 
long in the nursery row. 


Setting the Plants. If a considerable number of plants are to be set 
the land should be thoroughly prepared, marked both ways, and a furrow 
run in one direction. The plants are then set at the intersection of the 
furrow and mark. 

Prune all badly injured roots, and set the plants at least one or two 
inches deeper than they stood in the nursery row. Pack the soil firmly 
to bring it in close contact with the roots and leave a layer of loose soil 
on the surface to act as a mulch and prevent the packed soil beneath 
from drying out. When a few plants are to be set in the home garden 
it is best to dig the holes large enough so that the roots of the plants 
can be well spread out and deep enough so that some of the rich top 
soil may be placed beneath and around the roots. 


CULTIVATION 


Thorough and frequent cultivation is necessary to conserve moisture 
and keep the soil cool. Tillage should begin early in the spring by shallow 
plowing or discing and the surface soil kept in a fine, loose condition 
by frequent stirring with light fine-toothed implements during the sum- 
mer. While the plants are young cultivation between the rows may be 
fairly deep but later cultivation should be shallow to avoid injury to the 
feeding roots which are produced in abundance near the surface. Culti- 
vation should be discontinued soon after the fruit is picked and a cover 
crop sown. Oats or barley sown at the rate of two bushels per acre make 
the best cover crop for this purpose. 

In the home garden where cultivation is inconvenient the plants may 
be mulched with coarse strawy manure, lawn rakings, or similar ma- 
terial. This will help to conserve moisture and keep the soil cool. The 
currants and gooseberries succeed well when heavily mulehed and for 
this reason they may be planted in out of the way places in the garden 
where cultivation cannot be given. 


FERTILIZING 


Currants and gooseberries require large amounts of plant food and as 
the feeding roots are shallow and do not extend far it must be readily 
available and close at hand. Thorough cultivation and manuring are 
important. Stable manure is the best fertilizer and it is difficult to 
apply too much in growing these fruits. Young plantations need not 
be fertilized heavily, but after the plants begin to bear fruit heavy an- 
nual dressings of well-rotted manure should be applied, prefe rably in the 
fall or winter, to keep them in a good productive condition. 
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Commercial fertilizers may be used to supplement stable manures. 
Muriate or sulphate of potash applied at the rate of 100 or 200 pounds 
per acre sometimes increases the production and quality of the fruit. If 
necessary to depend upon commercial fertilizers as a source of plant 
food one containing 3% available nitrogen, 10% available phosphoric 
acid and 4% available potash, applied at the rate of 500 to 1000 pounds 
per acre, is recommended. However, in using commercial fertilizers it 
should be remembered that they add only the mineral elements to the 
soil, and it is therefore necessary to employ the use of stable manure, 
or cover crops, each year to maintain a good supply of humus which is 
highly important in growing these fruits. 


PRUNING 


Proper and systematic pruning is important. When the plants are 
set the tops should be cut back slightly and the bush balanced up as 
much as possible. Some pruning is usually necessary at the close of the 
first season after planting to shape the bush and regulate the number of 
main stems to be left. 

About six stems should be selected and all others cut out. Those left 
should be headed back so that they are all of a uniform length. No 
further pruning will be necessary, except to keep the plants thinned out 
to a desired form and any straggling branches headed in, until the close 
of the fourth season. Some of the old wood should then be removed. In 
pruning bearing plants it should be kept in mind that the best fruit is 
borne at the base of the one-year-old shoots and on spurs which develop 
from two and three-year-old canes. Pruning, therefore, should consist in 
cutting out all the oldest canes each year and thinning out the new 
shoots leaving only a few of the strongest ones to replace the older bear- 
ing canes. A good bush should have from five to eight bearing canes, 
the number depending on the fertility of the soil and the vigor of the 
variety. It should be the aim in all subsequent pruning to provide this - 
number of canes two and three vears of age, and a good supply of young 
ones coming in to take their places. Very vigorous young shoots are 
sometimes headed in to induce the development of spurs along all parts 
of the stem. All branches tending to lie on the ground should be re- 
moved and the center of the bushes kept somewhat open by removing 
all crowding and interfering branches. Do not leave the bushes too 
thick. This is a common mistake in pruning these fruits. Larger ber- 
ries and better filled bunches are secured and the fruit is more easily 
harvested if the bushes are not allowed to become too dense. 

Black currents bear the most fruit on the one-year-old canes. There- 
fore, in pruning them the aim should be to keep up a good supply of 
voung shoots. The wood must practically be renewed each year. 

Pruning may be done any time during the dormant season, but it is 
‘perhaps better to do the work during late winter or very early in the 
spring before growth starts. . 

In pruning it is important to watch for any indications of the cane 
borer. A cane with a black center and somewhat hollow indicates the 
work of the borer and such a cane should be cut back until sound, healthy 
pith is reached, 


620 


STATE BOARD OF AGRICULTURE. 


Wig. 3.—Currant before and after pruning. 
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Gig. 4.—Gooseberry before and after pruning. 
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HARVESTING 


Currants which are harvested for market purposes should be picked 
and handled with care. The berries should not be stripped from the stem 
but taken from the bush with the clusters intact. The fruit should be 
dry when picked and not over-vipe. For nearby markets or for home 
use, they may be left on the bushes until nearly ripe but for shipments to 
a distant market the fruit should be picked while still very firm though 
well colored. The fruit is picked greener for jelly than for canning, a 
few green berries showing on each cluster. 

Gooseberries are practically always marketed in the green state. The 
thorny nature of the bushes makes picking rather difficult, but if the 
branch is lifted with one hand and the fruit picked with the other there 
is little trouble as the fruit is found mostly on the lower side of the 
branch. On a commercial seale the fruit is usually stripped from the 
bushes,—the pickers wearing heavy gloves,—and run through a fanning 
mill to remove the leaves. 

Currants and gooseberries are commonly marketed in quart boxes which 
are packed in the ordinary sixteen-quart crate for shipment. 


LIFE OF PLANTATION 


With good care and proper pruning, currants and gooseberries may be 
kept in a profitable condition for many years, but it is better to set 
out new plants on a new site every eight to twelve years. The bushes will 
live and bear some fruit much longer than this, but they will not be as 
vigorous and productive as younger plants. The bushes become crowded 
and harder to manage as they get older and the fruit deteriorates in size. 
Young plants are so much more vigorous and productive that they soon 
more than repay the cost of planting. Old bushes in the home garden 
Inay sometimes be rejuvenated by cutting off all the canes close to the 
ground and giving a heavy application of well rotted manure. 


INJURIOUS INSECTS AND DISEASES 


There are many insects and diseases which attack the currants and 
gooseberries but fortunately only a few do sufficient damage to become 
seriously important in Michigan. Brief descriptions of the more common 
ones and measures for their control are mentioned here. 


INSECTS 


Approved by the Department of Entomology. 


The most important insects injurious to the currants and gooseberries 
are the San Jose scale, currant borer, currant worm, and the currant 
plant louse. 


San Jose Scale. This insect is often a serious pest on the currants and 
if left without any effort to control them soon kill the plants. The 
scales are about the size of a pin head and when badly infested the twigs 
have an ashy appearance. Currant bushes should be frequently inspected 
for this insect especially in localities where it is known to exist and if 
any are found, the bushes should be thoroughly sprayed early in the 
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spring before growth starts with commercial lime-sulphur solution di 
luted at the rate of one gallon to eight of water. 


Currant Borer. Currants are often attacked by a borer which in- 
jures or kills the canes. In early summer a blue wasp-like moth lays 
eges near the tip of the shoot. The white larvae or “grubs” bore into the 
stem and then burrow. down through the pith. They become nearly full 
grown by fall, and winter over in the canes. The infested canes put out 
a sickly foliage the following spring. 


Control. Cut out and burn the infested canes when pruning in the 
spring. Do not allow very old canes to remain on the plant. 


Currant Worm or Current Sawfly. This is a common pest of the cur- 
rant and gooseberry. A small fly lays eggs on the under side of the leaves, 
the larvae or “worms” are at first white, later green with black spots and 
finally green tinged with yellow. When full-grown they are nearly three- 
fourths of an inch in length. They feed on the leaves and when nearly 
full grown are very destructive, and will strip a bush in a few days. Cur 
rant and gooseberry bushes should be examined often especially the lower 
leaves where they first appear. 


Control. Early in the season they may be destroyed by spraying with 
one pound of arsenate of lead powder or two pounds of the paste in 50 
gallons of water; or calcium arsenate powder, 1 part to 5 or 6 of flour or 
hydrated lime, applied with a “dust gun” is very effective. 


Currant Plant-Louse. The leaves of currants and gooseberries are 
often attacked by green soft-bodied lice which feed on the under surface 
of the leaves. They appear early in the season but often are not noticed 
until much damage is done. The leaves become curled and distorted and 
the upper surface turns a bright red. 


Control. The insects can be killed by spraying if it is done early be- 
fore the leaves begin to curl. Tobacco extract (40% nicotine sulphate) 
used at the rate of one fluid ounce to 8 gallons of we iter, in which 4 ounces 
of laundry soap has been dissolved, is the best remedy. It is very im- 
portant to spray the under side of the leaves thoroughly, and each insect 
must be hit with the solution to kill it. 


DISEASES 


Approved by the Department of Botany. 


Gooseberry Mildew. This isa common and most serious fungous disease 
affecting the gooseberry. It attacks the English varieties especially. 
It sometimes attacks the American varieties and occasionally the cur- 
rants. It is first noticed on the young leaves and new growth and then 
spreads to the young fruits. All the diseased parts are covered with a 
-white powdery substance which later in the season turns brown and 
thickens forming a dense felty coat over the affected parts. The whole 
plant may be seriously checked or even killed by the successive attacks. 
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Control. Can be controlled by spraying with 4-4-50 Bordeaux mixture 
or commercial lime-sulphur diluted, 1 gallon to 40. Make the first ap- 
plication when the buds open and later every ten days until at least five 
applications have been made. 


Fig. 5.—Anthracnose on currant and gooseberry leaves. (Courtesy of Botanical Department.) 


Anthracnose. This is a fungous disease which is also known as leaf 
spot or leaf blight. Small dark brown circular spots are produced on 
the leaves chiefly on the upper surface. The leaves become a sickly yel- 
low color and fall off early which prevents the proper ripening of the 
wood and the formation of fruit buds for the next year. 


Control. Bordeaux mixture 4-4-50 or lime-sulphur solution 1-40 is very 
effective. Make the first application when the leaves are unfolding and 
later at intervals of 10 to 20 days until 5 or 6 sprayings have been made. 


SPRAYING 


Disease and insect pests of the currant and gooseberry appear each 
year and systematic annual spraying with the proper materials is neces- 
sary to secure best results. The materials used for the treatment of in- 
sects and diseases may be so combined that one spraying will answer for 
both and if properly applied at the right time very little trouble should 
be experienced in keeping them under control. The following program is 
recommended as a general treatment for these fruits. 
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If San Jose Scale is found, spray before growth starts with commer- 
cial lime-sulphur solution diluted one gallon to eight or ten with water. 


Just as the leaves are expanding, spray with 4-4-50 Bordeaux mixture 
or commercial lime-sulphur (diluted 1 gallon to 40) and 2 pounds of lead 
arsenate paste, or 1 of the powder to every 50 gallons. 


If the Currant Plant-Louse is present, add one-half pint of Black Leaf 
40 to each 50 gallons of mixture. 


Repeat this spraying when the fruit is about one-fourth grown. 

If worms trouble after this, use fresh hellebore, 1 ounce to 1 gallon of 
water or as a dry application 1 pound in 5 pounds of flour or hydrated 
lime. 


If the Anthracnose or Gooseberry Mildew are troublesome, make addi- 
tional sprayings with dilute lime-sulphur or 4-4-50 Bordeaux mixture 
every ten days or two weeks until near picking time and another imme- 
diately after the fruit is picked. 


VARIETIES RECOMMENDED 


GOOSEBERRIES 


The American varieties are grown much more extensively than the 
English varieties in this country. They are comparatively free from 
mildew and usually more productive. The leading varieties are the 
Downing, Houghton, Pearl, and Josselyn. 


The Downing is the most important commercial variety. The bushes 
are strong, vigorous growers and very productive. The fruit is of good 
size and yellowish-green in color. Excellent in flavor and quality. One 
of the best. 


The Houghton is a very profitable variety. The fruit is of medium 
size and pale red in color, but is not as large and attractive as that of 
the Downing. The bushes are very vigorous and productive, and free 
from disease. 


The Pearl is a cross between the Downing and an English variety. It 
very closely resembles the Downing and is highly recommended. In some 
places is superior to the Downing. 


The Josselyn (American Red Jacket) is very prolific and a vigorous 
grower. The berries are medium to small in size, pale red in color and 
of good flavor and quality. One of the best red varieties. 

The English varieties are not grown extensively in this country on ac- 
count of their susceptibility to mildew. They are not as productive as the 
American varieties, but the fruit on most of the varieties is large and 
attractive in appearance. The following varieties are recommended: 


Industry. One of the best known of the English varieties. The bushes 
are vigorous and quite productive. The fruit is very large, dark red 
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Fig. 8—Houghton. 
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when ripe, and quite hairy. Supposed to be somewhat more free from 
mildew than other English sorts. 


Chautauqua. The bush is very vigorous and productive. The fruit is 
very large, smooth, pale green in color and of very best quality. One of 
the best for home use. 


Columbus. Bush upright, vigorous and fairly productive. Fruit large, 
smooth, greenish yellow. Very good. Quite free from mildew. Consider- 
ed one of the healthiest of the English varieties. 


Fig. 9.—Industry. 


RED CURRANTS 


Perfection. A comparatively new variety which has become very popu- 
lar among the growers in the State. The berries are large, bright red 
and are borne on medium-sized well-filled clusters. The bushes are 
strong growers, somewhat spreading and very productive. One of the 
best for home or market purposes. 


Fay (Fay’s Prolific). A well-known market variety on account of its 
productiveness and large handsome berries. Early. Does best on a 
heavy soil. 


London Market. A well-known variety which has been quite extensively 
planted in the state. The bushes are tall, slightly spreading, very vig- 
orous and productive. Berries medium in size, dark red, quality good. 
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Red Cross. One of the newer varieties which is desirable on account 
of the large size of the fruit and its productiveness. The bushes are tall, 
vigorous and very healthy. The berries are bright red, juicy, and have 
a mild, pleasant flavor. 


Red Dutch. One of the oldest varieties and still grown by some; very 
productive but not desirable on account of the small size of the fruit. 


Prince Albert. A good late variety which is a favorite with many 
growers but is not generally grown. It is a strong grower and produc- 
tive. The fruit is medium in size, light red and is borne in short, well- 
filled bunches. 


Wilder. A very strong and vigorous grower and quite productive. The 
fruit is large and attractive in appearance. Ripens about the same time 
as the Fay but hangs on well for late picking. 


BLACK AND WHITE CURRANTS 


The black and white currants are little grown in the state. There is 
practically no demand for them on the markets and they are not recom- 
mended for planting except for home use. The fruit of the white cur- 
rants is generally milder in flavor than that of most of the reds, but does 
not make an attractive jelly. The White Grape is probably the most 
satisfactory variety of this type. The black currants are generally un- 
productive and the strong musky odor is disagreeable to many. They 
make good jams and jellies and are highly appreciated by those who have 
learned to use them. Black Champion is one of the best varieties. 


FOUL-BROOD 
Circular No. 39 


Supplement to Special Bulletins Nos. 58 and 64 
BY B. F. KINDIG 


In addition to the subject matter treated in Special Bulletins numbers 
58 and 64, we desire to add the following information relating to the 
cure or control of European foul-brood. Attention is especially directed 
to the disease resistant qualities of the best grade of Italian stock. 
Among them foul-brood does not cause serious damage in such colonies 
as are kept strong at all times and there is a gradual decline in the num- 
ber of colonies affected in yards where the best bee-keeping practices are 
in operation. 

The Italian race of bees is the only one which has proved itself re- 
sistant to European foul-brood and is, also, the most tractable and at 
the same time the most profitable from the standpoint of honey produc- 
tion. The disease is widely scattered over the state and the predominat- 
ing race of bees is so largely Black, that it seems at present, that the 
most vital need of Michigan bee-keepers is the eradication of the Black 
bees and the complete Italianization of all colonies. Not all Italian 
queens come from colonies or apiaries of resistant stock. Beekeepers 
should not purchase their queens except from reliable breeders. After 
testing a number of queens in the yard for a year in order to observe 
which are the most resistant to disease; which are most tractable; and 
which are most profitable from the standpoint of production: then, the 
one queen which measures up in the highest degree to the standard set 
should be used as a queen-mother from which to rear sufficient young 
queens for requeening the entire yard and all other colonies in the neigh- 
borhood. Unless the colonies in the vicinity of the apiary are also re- 
queened, the stock is likely to soon degenerate because of the admixture 
of Black blood. A few queens should be purchased from year to year 
from reliable breeders, and should be carefully tested along -with those 
reared in the yard and any other breeding queens selected. 

When colonies of ‘Italian bees are allowed to become weak, then the 
characteristic resistance is greatly diminished or lost. Therefore, strength 
of colony is a matter equally as important as Italian blood but does 
not at all take the place of Italian stock. Strength of colony and Italian 
stock must both be present in all colonies at all times in order to success- 
fully resist or eradicate European foul-brood. When the disease is present 
in an apiary of Black or hybrid blood, Italianizing and the doubling 
up of weakened colonies until strong colonies are made, should be 
done at the same time and at the very earliest opportunity possible in 
order to bring the disease under control. If it is necessary to wait for 
some time in securing the Italian queens, then it is recommended that 
the Alexander Treatment hereafter described be used. 
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No method of handling the disease from year to year can be successful 
unless that method takes cognizance of and embodies within it the best 
recognized and established principles of good beekeeping. A number 
of the best beekeepers in the state give but little attention to European 
foul-brood from year to year because they have in their yards selected 
Italian stock and practice the best known methods of beekeeping. In 
this connection it may be well to mention a few essentials of good bee- 
keeping: viz. pure Italian stock of greatest vigor and productiveness, no 
queens over two years of age at any time, the wintering of the bees so 
well that the colonies are strong and vigorous in the early spring, and 
an abundance of stores at all times. 


METHOD OF TREATING EUROPEAN FOUL-BROOD 


The Miller Treatment.—The following is quoted from Dr. Miller in 
the “ABC & XYZ of Bee Culture”; “First, no matter whether the case 
be severe or mild, make the colony strong. In a severe case, kill the 
queen; and as soon as the colony recognizes its queenlessness, say within 
24 hours, give a ripe queen cell, or, immediately at the time of killing 
the queen, give a virgin not more than a day old or a cell in a protector. 
That’s all; the bees will do the rest. In a mild case, make the colony 
strong, and cage the queen in the hive for a week or ten days—only 
that. But don’t expect the disease to be at once and forever stamped 
out. Last year I had the disease in a mild form in about one colony in 
four; this year in about one in twenty.” 

In classifying various degrees of severity of an attack of European 
foul-brood, Dr. Miller stated the following recently in an editorial: “If 
less than one per cent of the larvae are diseased, it is a very mild case; 
if one to ten per cent, mild; 10 to 35, medium; 35 to 50, bad; and beyond 
50, very bad.” 

Dr. Miller further states in response to the question: “What do you 
do to save the combs?” “Nothing. Just use them the same as if there 
had been no disease. Vigorous bees -with a vigorous queen will clean 
them out. Spores may be left, and here and there the disease may 
break out again; but in the long run the loss will be less than if the 
combs were destroyed, and possibly the returns of the disease will be 
no more frequent than if all combs were destroyed. In my own apiary 
I think there were no more fresh outbreaks where the old combs were 
left than where the bees were thrown upon foundation.” 

This treatment is not to be used in apiaries of Black or hybrid bees. 
The colonies must be vigorous Italians or be given a cell or queen from 
vigorous Italian stock before one can expect to make progress against the 
disease. 

Alexander Treatment.—Double up all diseased colonies until strong 
colonies are secured. Kill the queens and keep the colonies queenless for 
20 days. Then introduce into each a ripe cell or a recently hatched 
virgin. Such a long period of queenlessness is not necessary except in 
colonies where the disease has progressed to the point where most of the 
larvae are dead. The period of queenlessness should be determined by 
the length of time it takes a colony to clean out ALL of the diseased, 
dead larvae. When the combs are free from such dead larvae, then it is 
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safe to introduce a cell or a virgin queen. In colonies where only a 
dozen or so larvae are affected, the caging of the queen for a few days 
usually controls the disease. 

McEvoy Treatment together with Requeening.—This treatment is de- 
scribed in Special Bulletin 64, page 4, under the heading of “European 
foul-brood.” This method of treatment is obsolete and should not be 
considered or practiced unless both of the methods described above have 
proved unsatisfactory. In that case, get in touch with the State In- 
spector of Apiaries, East Lansing, Mich. 

B. F. KINDIG, 
Department of Entomology. 


INFECTIOUS ABORTION AND STERLITY IN CATTLE* 
Circular No. 40 


BY E. T. HALLMAN, ANIMAL PATHOLOGIST. 


It is believed that abortion is most frequently introduced into the herd 
through the purchase of pregnant or recently freshened cows although it 
may be introduced by breeding to a neighbor’s bull, and perhaps in other 
ways not yet fully understood. Newly purchased females, though they do 
not abort, may be carriers of the infection. 

When abortion manifests itself in a herd, immediate steps should be 
taken to ascertain if it is infectious. This is best determined by a blood 
examination. Any one may have this test made by sending about one 
ounce of blood from each animal to be tested to the Bacteriological De- 
partment, East Lansing, Michigan. 

When abortion first manifests itself in a herd many dairymen are 
tempted to sell for beef the aborting animals, thinking that the infec- 
tion may be eliminated in this way. 

It is not advisable to attempt to eliminate the infection in this way. 
There are two reasons why this is so. TF irst, the extent of infection in 
a herd cannot be measured by the number of abortions since many in- 
fected animals carry their calves to maturity; and second, when many 
animals are sold for this reason it becomes necessary to purchase new 
animals to maintain the herd, and in so doing one is likely to introduce 
a more virulent strain of infection than already exists. If aborting 
animals are properly handled they may develop into regular breeders 
and should not be sold simply because they have aborted. 

There are no known cures for abortion. Many proprietary prepara- 
tions are to be found upon the market, both medicinal and the so-called 
bacterins and serums, but none of these have proved sufficiently effective 
to warrant their recommendation. 

There are no measures by which the infection can be completely and. 
surely eliminated from a herd other than disposal of the entire herd. 
It is more likely that once the infection is introduced, it will remain more 
or less indefinitely, but this characteristic of abortion should not dis- 
courage one from going on with the cattle business. 

There are measures by which one may reduce the percentage of abortion 
to such an extent that dairying and calf production may be made profit- 
able. There will perhaps be a few abortions each year but its ravages 
may be checked. There are no easily applied measures, but ones which 
require persistent effort, not for a week or a month but for the entire 
time that one remains in the business of producing milk and calves. 
The only measures that have proved effective are stable hygiene and 
disinfection. 

To enable one to most effectively apply these measures one should 
know the ways by which the abortion bacilli are eliminated from the 


*Adapted from numbers 1, 2 and 8 of Quarterly. 
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infected cow and the ways by which the micro-organisius enter the body 
of the susceptible cow. The discharges from the uterus and the milk 
are the most important of the former, and with the feed and water and 
by the bull and direct contact with the floor the most important of the 
latter. In fighting abortion one must aim to kill the micro-organisms as 
they leave the infected cow on the one hand and protect the feed and 
water and the bull against infection on the other. 

There is no practical and certain way of determining the exact number 
of infected animals in a herd and, if there were, the conditions would 
not be the same a few months later. Further, an infected animal that 
gives birth to an apparently normal calf at full term may be as great a 
source of danger to yet uninfected animals as though abortion had 
occurred. For these reasons, in adopting control measures that will prove 
most effective, one must apply these measures to all animals of breeding 
age. 

Daily disinfection of the hind parts of all non-pregnant females of 
breeding age should be practiced until the animals are safely in calf. 
There are two reasons for this. First, the uterine discharges from in- 
fected animals are constantly soiling the hind parts and udder of the cow 
and the barns and lots, and the infection frequently reaches the uterus 
of non-infected cows through contamination of the external genitals from 
infected animals and from infected floors. 

With a pail of some good reliable disinfectant of sufficient strength 
and a brush, one should systematically wash the buttocks, thighs, root 
of tail, external genitals and udder daily, until the animal is known to 
be with calf. In addition to this the gutter and floors of barn should 
be cleaned daily and sprayed with an effective disinfectant. A thirty- 
gallon spray mounted on two wheels, for convenience in moving from 
one part of the barn to another, should be a part of the equipment of 
every dairy barn. 

Since the udders of a high percentage of infected cows are infected, 
the first few streams of milk should not be milked on the floor of the barn 
as is practiced in some herds, where it is desired to keep down the bac- 
terial count of the milk. A separate container should be provided for 
this and disposed of outside of the dairy barn. The practice of disinfect- 
ing the udder and floor daily should be applied at all times, but it is 
probably safe to discontinue disinfection of the other parts of the cow 
when it is known that she is safe in calf, until approaching abortion or 
calving. 

Several days before a cow is to be bred, the vagina should be douched 
daily with three ounces of borax to one gallon of warm water, using 
about one gallon of the solution for each douche. This is more conven- 
iently done by suspending a wire over the gutter, two or three feet higher 
than the posterior parts of the cow, on which may be hung an ordinary 
fountain syringe. This is connected with four or five feet of rather stiff 
rubber tubing about one-half to five-eighths inch in diameter. (A pure 
gum, horse stomach tube is very useful for this purpose. Your veter- 
marian can get it for you.) This is inserted as deeply into the vagina as 
possible in order to thoroughly cleanse the mouth of the uterus. After 
using the tube it should be allowed to remain in a pail of disinfectant 
three or four minutes to disinfect it before using on another animal. 
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The sheath of the bull should be irrigated before and after service with 
borax solution and the lower surface of the belly cleansed with the 
disinfectant used for disinfecting the external parts of the cow. ‘To 
irrigate the sheath use a fountain syringe attached to a pure gum horse 
urinary catheter. (Have your veterinarian get it for you.) The end 
of the catheter should be inserted three or four inches into the sheath, 
grasping the skin around the catheter with the left hand so that the 
solution may be held in the sheath. Allow the sheath to become mod- 
erately distended with the solution and with the right hand gently 
massage the sheath, forcing the solution into the folds of the sheath. 
After two to three minutes release the left hand allowing the shealth to 
empty itself. If this is repeated once or twice the sheath may be effec- 
tively cleaned. Very few bulls will offer any resistance to this treatment 
if gently handled. In the case of a bad bull a special stock should be con- 
structed to hold him securely while being treated. 

Two to three weeks before the animal is due to calve, resume the 
daily disinfecting of the external parts of the cow and a day or two 
before calving, or if signs of abortion manifest themselves remove the 
cow to a clean, well-lighted box stall, the floor of which has been pre- 
viously disinfected and well supplied with clean bedding, and douche the 
vagina daily with three ounces of borax to one gallon of clean, mod- 
erately warm water. ~ 

After abortion or calving the afterbirth should be burned or buried 
out of the reach of dogs and the contaminated bedding either burned or 
carried to fields not used by cattle. The bedding should be changed 
and the stall disinfected as frequently as necessary to keep clean. As 
far as practicable, the attendant should stay out of the stall and the 
freshened cows should be the last milked to lessen the danger of carrying 
the discharges to other cattle on the feet or hands of the attendant. 
Contamination of the feed with the discharges on the feet of the attend- 
ant is probably one of the most common ways of infecting animals. 

The udder and hind parts of the cow should be cleaned daily with 
brush and disinfectant and the animal should not be returned to the 
herd until the uterine discharges cease. We do not recommend douching 
the vagina at this time, unless done under the recommendation and 
instruction of your veterinarian, because there is considerable danger 
of infecting the uterus by improper methods of vaginal douching, and 
unless complications arise demanding the services of a competent veteri- 
narian, vaginal douching, even in cases of abortion, is not necessary. 

In most herds affected with infectious abortion sterility, sooner or 
later, causes considerable losses. Sterility in the cow is most often due to 
disease of some one or more of the reproductive organs. In a few cases 
the cause may be found in the bull but, when this trouble is associated 
with abortion infection, the cause is to be looked for most often in the 
cow. 

In most cases, diseases of the uterus or cervix (neck of uterus) is the 
primary cause, but occasionally disease of the ovaries and less frequently 
disease of the vagina is the cause. 

There are various grades of diseased conditions of the reproductive 
organs causing sterility, ranging from slight affections, in which the 
animal comes in heat regularly, and appears quite normal to the un- 
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trained man, to serious affections in which there are marked accumula- 
tions of pus in the uterus or degeneration of the ovaries. Most of these 
conditions are due to bacterial infections. Work at this Station indi- 
cates that the abortion bacillus is not always the cause of these con- 
ditions, but that several different types of micro-organisms may be the 
active cause. There is no question but that the abortion bacillus is 
often a predisposing factor in that it enables other micro-organisms to 
become established. Whether the abortion bacillus or some other micro- 
organism is the cause, the results are the same; a mild or severe inflam- 
mation is set up causing sterility. 

Treatment of these conditions is not so satisfactory from the stand- 
point of the average dairyman, as is prevention. There are several 
reasons why this is true. First, treatment of these conditions requires 
much skill on the part of the veterinarian. Few veterinarians have had 
the necessary training and experience to acquire this skill. This is no 
fault of theirs, since it has been only in the last few years that any 
studies have been made of the diseases of the reproductive organs of 
cattle. Second, to secure the services of a qualified veterinarian to ad- 
minister treatment as frequently as is necessary requires too great an 
expenditure, except in the case of pure bred animals. Third, treatment 
is not always successful. There are perhaps two reasons for this. Many 
of the animals have been affected for so long that irreparable changes 
have occurred in the reproductive organs and it is probably a fact that 
we have not yet learned the best methods of treating the several condi- 
tions that are met with. This Station is now working upon this problem, 
and it is hoped that practical, effective measures will be worked out in the 
not distant future. 

The fundamental principles involved in the prevention of sterility are 
the same as those in the prevention of abortion and have already been 
discussed. They are the same because the causative micro-organisms 
enter and leave the reproductive organs in much the same way. In 
addition to those preventive measures there are a few other measures 
that should be emphasized. In herds affected with contagious abortion, 
it is not safe to defer breeding animals any considerable time after calv- 
ing or abortion. The statement has often been made that an aborting 
cow should not be bred for at least six to eight months after abortion. 
There is no foundation for this statement. If an aborting cow cleans up 
well after aborting it is better to breed her as soon as she begins to come 
in heat regularly. Not to do so may result in her acquiring some infec- 
tion leading to permanent or temporary sterility. Each succeeding heat 
period affords an opportunity for infection to become established in the 
reproductive organs as some of the changes associated with this period 
favor infection. An aborting cow, or one that has calved normally, should 
not be bred as long as there is any discharge from the uterus, but just as 
soon as she is in a normal condition, she should be bred. 

Failure to breed is often the result of retention of the afterbirth or im- 
proper methods of removal of the afterbirth. This is one of the most 
Serious affections of the uterus and one requiring great skill to properly 
treat. It is usually due to infection in the uterus, not necessarily the 
abortion bacillus, but other disease-producing micro-organisms as well. 
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When this complication arises in valuable animals, breeders should secure 
the best of veterinary service to treat it. 

Failure to come in heat in a reasonable time (six to eight weeks) after 
calving is usually due to disease of some one or more of the reproductive 
organs and an effort should be made to determine the cause and correct 
it if possible. Disease of the reproductive organs are more effectively 
treated if treatment is started early, than if allowed to run on for months 
before an elfort is made to correct them. 

Failure “to catch,” after two or more services at regular intervals, 
is usually due to some disease of the reproductive organs. The cause 
should be determined and removed if possible. Repeated service under 
such conditions tends to aggravate the condition. 

Continuous “heat” or irregularity in the “heat periods” is usually an 
indication of ovarian trouble and should be treated at the earliest possible 
time. 

No general treatment of disease of the reproductive organs can be 
outlined, but each case must be carefully examined and the treatment 
determined by the condition. Best results will be obtained if an early 
diagnosis is made and treatment applied. Long standing cases usually 
fail to respond. For economic reasons, the treatment for sterility is ap- 
plicable only to highly valuable animals, but even in these prevention 
is worth more than treatment. 


INTRODUCTION. 


Much interest has been manifested in the soluble constituents of the 
soil for nearly three-fourths of a century, as a result of which many 
valuable contributions to our knowledge of the subject have been made. 
Yet a critical examination of the available literature has led to the 
conclusion that this fundamentally important subject still remains a 
fertile field for investigation, new and improved methods of attack 
being especially desirable. Such phases as the rate of solution of soils 
under different conditions of moisture, temperature, cropping, and sea- 
son as well as the immediate and residual effect of salts upon solubility 
should be investigated, and moreover, information concerning the con- 
centration of the soil solution under field conditions as affected by sea- 
son, diffusion, water movements, tillage and cropping is very desirable. 
In view of the situation the soil solution is receiving much attention by 
members of the Soils Section of the Experiment Station. Botyoucos is 
engaged in researches on the rate and extent of solubility of soils under 
different conditions and treatments, mainly from the physical side, while 
Spurway is conducting very comprehensive chemical studies of the effect 
of soluble salts on the solubility of soils. In this report are presented 
data bearing upon the effect of salt movements, moisture, temperature 
and cropping upon the salt content of several soil classes. 


The writers are greatly indebted to A. G. Weidemann for valuable assistance rendered 
throughout these investigations. 


SALT CONTENT OF SOILS AND SOME FACTORS AF- 


FECTING IT. 


Technical Bulletin No. 43 


SOLUBLE 


BY M. M. M’COOL AND C. E. MILLAR. 


SALT MOVEMENT. 


Salt movements affect the concentration and composition of different 
layers of soil. By means of the freezing point method (1) it was shown 
that the translocation of added salts in soils is appreciable even in the 
absence of moisture movements, the water content and the mass of salt 
present being very important considerations. Moreover, data were pre- 
sented which show that an application of a given salt at one point in 
the soil may release another which in turn may be translocated to an 
adjacent layer of soil (2). 

In these studies 300 grams of medium sand and silt loam respectively 
were treated with 1% sodium chloride and placed in the bottom of 3 
gallon jars and the filling completed with untreated moist soils. One 
set was unsealed in order to permit loss of water by evaporation. The 
depression of the freezing point of the different layers of soil and the 
amount of certain bases found in the water extracts of the same are 
given in table 1. 


TABLE 1.—CHANGES IN THE COMPOSITION OF THE SOIL SOLUTION INDUCED BY 
THE ADDITION OF ONE PER CENT SODIUM CHLORIDE TO A MEDIUM SAND AND 


cf Measuring the Concentration of the Soil Solution Directly in the Soil. 


Sta. Tech. Bul. 24, 44 


(2) McCool, M. M. and Wheeting, L. C. 
In Journal of Agricultural Research, Vol. XI. 


Pp. 


1917. 
No. 11, p. 531-547. 


A SILT-LOAM. DURATION 15 DAYS. 
Medium sand, containg 9 per Silt loam, containing 20 per 
; cent of water cent of water. 

Distance 2 

from salt, 

layer. Freezing : Freezing 

point Tron and Magne- point Tron and 7 Magne- 
lowerings alum- Calcium. sium. lowerings | alum- Calcium. sium. 
of soil. inum. of soil. inum. 
Parts per | Parts per | Parts per Parts per | Parts per | Parts per 

inches LC: million. | million. | million. °C} million. | million. | million. 
A SE se lia iSaiels DEAR TEE, 0.042 No ap- +124.6 +6.90 0.002 | No ap- +14.6 +5.58 
Sete rena eee eee .077 | preciable +74.3 +6.50 .050 | preciable +45.8 +11.50 
TCA RO SATAN cece a Rar .117 | changes. +51.7 +4 .28 .322 | changes. +148.9 +19.95 
1 . 140 +26.7 +3.27 -522 +103.4 +12.70 
(Bais coho Shana ae saa cceae .277 +39.4 +1.31 . 687 +89.8 +9.47 

CLOSED CONTAINERS. DURATION 25 DAYS. 
CRP ACIS Oadnis HnnuSeaa arte 0.002 +3.60 +3. 60 +0.48 BUOY eeictacig soe 13.4 Zh 
Dieter eiarle ants aehceca tates .015 +3.40 -+27.08 +4.21 = OAD |bkivieas oe 35.0 10.2 
Lae ODmT oon odd bane oaaned . 085 +1.20 +12.01 +1.79 AGB alive eccieetets 120.0 22.0 
Onsen areas Va arenes 225 +4. 60 +2.89 +.26 «Oba | ive fersyteoleperess 148.5 15.5 
(1) Bouyoucos, G. J. and McCool, M. M. 1915. The Freezing Point Method as a New Means 
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Movement of Soluble Salts Through Soils. 
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More recently colorimetric methods have been employed. Fine sand 
was treated with normal potassium hydrate, a two-inch layer placed in 
the bottom of test tubes one inch in diameter and two inches in length. 
The tubes were then filled, with a portion of the sand: that had previously 
been moistened with phenolpthalein indicator, permitted to become dry 
and then moistened with distilled water. In this manner the rate of 
diffusion was readily determined. Typical examples of the results ob- 
tained are given in table 2. 


TABLE 2.—DIFFUSION IN FINE SAND. 


5 per cent. 10 per cent. 
Period days. water. water. 

HERS Avice eee ape be ee Ee a ER certs Ss et Ta ale SiG Meng ies Ota Sm. 
NGCOU GAY: eset et re re ea a oe nee Sven ork 5 secede, Reopens? serrate [peer IDS, EAD ae tls TD 
AREY TC E00 Ea eee here oe erg Rea A BD at aN RN rn Ps, © a om aR ea ca Mea m.m 3° mom 
HOE EAT oie 2 Ob pone mn ad boinc Sao ont eae) ahs ecae cecil cir el ba riddlos idle 2eem, 
TOY rl arco 2 ac epi Reales Sau ins ae ag iat SE ree aC en ot Mian ora ek ECR Lule I LOO 20 ge 90S 2 > sme sm 
Bo pe nee Nia oe Qe Pee ee era aR ae. Gs NEN DLE Sant Pe rennin eae [940 ey ol 4 oo 22 mm: 


The above data show that the rate of diffusion although slow increases 
with the water content of the sand and decreases with an increase in 
distance from the deposit. Attention should be called to the possibilities 
for development of the method to be used as a laboratory experiment in 
soil physics. 

The translocation of salts as affected by film water movement has also 
received consideration. In these investigations galvanized iron contain- 
ers four inches in diameter were employed. Salt treated layers six inches 
in thickness were placed at different depths from the surface in order 
to throw some light upon the relation between surface and subsoils in 
this respect. In addition the salt was uniformly distributed through- 
out the soil column. 


TABLE 3.—MOVEMENT OF SALT THROUGH SILT LOAM 12 INCHES FROM SURFACE 
DURATION OF EXPERIMENT 32 DAYS. 


TREATED SOIL. 


Water Depression 
Depth from surface. content, per | of freezing 
cent. point. 

ANT CUA tte tg OE iy AMPS NEEL eS EE aT ee GS OE Cm tee 3.9 57 
AGTICH CS Stil tasty ae ema SR. gi Dean ner wel 17S (075 
Sanches Aerie ess reas Chee fan sey eaten so 4 18.4 395 
PGin Chose es cy eee ae a a et Se | ee Soe 1.185 
BS TriGH es apie ae ee ee ee Tae ek, etree eth | aoe ifsio" 1.075 
DOGG Henis tie ey ele es ae centre” TO na ee ee Se ren 20.4 1.14 
DAN CHR a gee ee ere RN ee oe SNS a GR es ae 20.2 065 

| 
UNTREATED SOIL. 

CRS 5 BPS Iss. baw PAN See Ane Oe nee 4.5 578 
AatRTGHipe epee 2. Shh, Sake Sane hee ae AAD eon Gia OE oe 10.2 055 
GUN GHESH epee sakes aD ee ee Een ee wer ek el See et tea 18.2 053 
SRI CH ESAE NC are oot speek ea Ry en td Mes 20.0 058 


ASTI OSes ee Sh ai ea Pe ee rte PE NS a 20.3 070 
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An examination of the above table reveals that the water content of 
the soil was not markedly reduced between the fourth and fifteenth inch 
layers. Moreover the upward translocation was confined to the region 
below the fourth inch layer of soil. The high concentration of the 
surface layer was due to the translocation of the soluble material 
originally present or formed in the soil as evidenced by the condition 
found in the untreated containers. 

Another series was run wherein the salted layer was placed 24 inches 
from the surface. Inasmuch as the film movement did not take place 
more than fifteen inches from the surface the movement of the added 
salt which was confined to the section below this, was due to diffusion 
as the data set forth in table 4 show. 


TABLE 4.—MOVEMENT OF SALT IN SILT LOAM 24 INCHES FROM THE SURFACE 
DURATION OF EXPERIMENT 32 DAYS. 


Water Depression 
Depth from surface. content, pei | of freezing 
j cent. point. 

SUM 1 EY CN Bae, PIES Soke MEY Moen an Satie A oR eh nt gs Renan at near ars yee! 562 
n Thai b 4 (0) 0 aMeeei gare aan Stee cate: De aR es a a Si er Pn asters teen oe 13.8 .065 
DEIN CHESS taf hays Sem tear eae ae a ee ah ae SuSE Mee ee anes intes ous 210 2055 
DS ITI GUES, < Ao ai Roe ah eS ee once oo Soreness oh, Se ener hale 20.8 .770 
DIN CHOS eae ae AEE TiC ae ET Bea no an coef te 20.4 1.70 
SDAN CHES aeeckcas ce ee eee Tee Ce Ae ie a fr ce acne rel ee ep ER ah uO 28 .090 
BT AN CHES eee Seek oe ee eT ee Oe he ere Pale ine en eer Ear 26 056 


Similar studies were conducted with muck. The translocation of the. 
salts that were placed twelve inches from the surface was found to be 
as presented in table 5. In this case the salt had moved upward to 
the sixth inch layer, but had not passed to the bottom of the tube. 


TABLE 5.—MOVEMENT OF SALT IN MUCK SOILS. DURATION OF EXPERIMENT 35 


DAYS. 

3 Salt 12 

Untreated. | inches from 

surface. 

Depth of sample. 

Freezing Freezing 

point point 

lowering. lowering. 
DZ PATI CAS yesh heo ha eee ee TERT ORS PE Ete eee Fic Sods Beare eed one) tos, Spereneere tows . 740 .746 
TICS Ko) C1 ENe Paes ies Bar? PR ites a Nah nnn ane Goh RG Sep yy PE Poet Mets .138 .135 
Gad CIOS se ee eee ete oly atin aoa eh ea am ares oa een .090 0.16 
RTT CHES Wiis eae ata | ee oto Nye ai eae de Ser ene hs es . 560 
PROVITIGH OSes eh eee eyo ee nee oat fy} SEARS phe: Seer pe ets Rett es | oe eS 2.10 
da yark oY 6) oVe\stee SOE AE oe ecto sewn, Si tech tenn, COCR iee Eee On ee are ees Ryn, eve .082 1.420 
TO STINCH OS Rama eee eT aL SR es wate Sicteas oat epee Vo pect nara aba tcal| PecaWielalctels Aouaoyes ote . 360 
SACHS ee eC ER ae em ee le tel oni aot: Ss Se oe 084 .O7 


The results obtained from medium sand are of interest. 

The sand contained four per cent moisture when placed in the cylinders, 
preliminary studies having revealed that aownward translocation of the 
water resulted with higher water contents. The salted layers were 
placed six and twelve inches from the surface respectively. The experi- 
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ments were conducted from July 10 to September 4. The freezing point 
lowerings of the samples of soil taken from the treated and untreated 


soil are shown in table 6. 


TABLE 6-—MOVEMENT OF SALT IN MEDIUM SAND. 


Salt, 6-12 Salt, 12-18 

Soil. Untreated. inches from | inches from 

surface. surface. 

Freezing Freezing Freezing 

Depth of sample in inches. point point point 

lowering. lowering. lowering. 
AID Peete ns nae MOSES oagayate ao crease bs oicy.0 Sec wste SRP a ENS .030 022 .030 
mM CHES eo ieethed stone nese, ee ere tere kaieiiohitiejelone erat. erent otal .020 193 012 
Dee SWATR OH OB ge aro tele ee SE ooo esi forty aun Fons otal sae ase 012 250 .014 
Da AIM CHES hsm esos tee sport clas seth eieceiee se, wet elas a leucierens, “eit .012 120 043 
A—PSANCHES ep siet s hee a ent ease SLaLE lol wisi es a goo .007 127 bi ia 
5G EET COS Sores ee tae a io eae ete eee as eee ou ees nies rae Reese .104 .100 
eho PATL CULO SPs cyeerc che A cach coments cache en ae ie oi es rater oh a AE, hal eke Fee ees: boson See DTA eae ah Naeeeene 135 
SNORT CHES ete ten or rank acon bro eke ias gitdila ev ora ts Stake ajo eed] ie ae acty lore Tae 076 ste 
STON CHESEeN ae ele see peaee. ope terest enna me ane oe KOOSS|. Sees ean .163 
Dee CATV CET GR Heaton lew aed pel avor i oaeh ave Mei Nias: Ae ore Chae vanes Boe nraoel liye oi tece eee lee oMode Nadel lRoustcsl cached ia herelee . 259 
1A WSS weg) 0 2) oe Si in A OH altace eR, cE Pa fee RM Wb ra Re 020 Pa an 
TA POLIN CH OS 2 tae eee hare ence a clate E0a so eee ee leas .005 - 017 . 200 
GN ATV CCS ie res tceetlc crete cosh oe Tan SNe ves BSS Le ale DOT ocepuane’ | hated apat roast d Oypsts, Ore 007 Selets 
UGB CIOS etree ered Sacer Saeco rer Neal A, Oksvos Seo Shs earetl haere tes ee rene e .050 
HSS IUD ATM CHD CS are ears, Sica or Soro fossa; Fee a STL Stab) Buea een ola ihe gate [to weres ON oe eee gals OO? Dt 
NO—ZOPINCHES Hes Nae bans, lejos «llel sol sis ic) saeco aaiahis eb shecskt ut. Sate, ts 007 Speier 021 
Zo AANCHES eae eewtes Soe Ha Pe witysceull Cacia teewaenieae O07 : .007 015 
ZO—2 GRIME ES Maoh ie sees macs testy ec tails el ORO Sta aes tease ho lap aheeat dec hee ado de lis Wheuasreet aBo cust ave .009 
SO ell CHES rey srrte os) vincete cnsie ihalene le hans: chee hele Coes sah stst|acee Seve meus iste srcchedl revenge: oles 1s carceatpeyc 007 
33-36 inches... .. .008 


Some of the salt that was placed six inches from the surface accumu- 
lated in the second layer of soil but not in the surface. Whereas the 
change in concentration of the soil solution was inappreciable three 
inches from the surface in.the tube in which the salt was placed twelve 
inches from the surface. In the former case the soil became dry on the 
surface before the salt reached this point and in the latter the dry layer 
or mulch was formed to a depth of about four inches, thus preventing 
higher translocation of the soluble material. 

The effect of the depth to water table upon the salt content of soils 
has been investigated in the laboratory. Four cylinders were filled with 
each of the soil classes studied, placed in larger containers which were 
filled with water to sufficient height to bring the water table to the surface 
of the soil. After the water table had reached the surface two grams 
of sodium chloride were added to two of the containers. After a period 
of forty-seven days the treated and untreated soils were sampled at 
different depths and the freezing point lowerings determined. The rate 
of evaporation was high inasmuch as the experiments were run from 
July 19 to September 4, the containers being exposed to sunshine and to 
wind movements. 
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TABLE 7.—EFFECT OF WATER TABLE UPON THE SALT CONTENT OF SOILS. 


Freezing point lowerings. 


Depth of . 
sample. Medium sand. Fine sand. Clay loam. 
| Untreated. | Salted. Untreated. Salted. | Untreated. Salted. 
| 
Z rus | r = ot OS PEL = ra = pee jet F 
WV ean haVid th eae Oe 030 O75 ROSS -479 327 bp os 
Vlei ha() cepa 2 002 030 010 184 | 046 .546 
2-3 inches.:....| 002 .030 004 149 O16 040 
4—5 inches... .. ... 003 .029 004 O70 O16 .030 
6—7 inches...... - 002 .O19 .003 005 | O07 010 


These results show that soluble salts diffuse downward very slowly 
in fine textured soils and more rapidly in sand, where the water table 
lies at the surface and where the rate of evaporation is high. To what 
extent this affects the quantity of soluble constituents of soils under field 
conditions remains to be determined, yet the indications are that it is 
appreciable. The time factor and the rate of evaporation from the 
surface must be taken into consideration. 

Where the water table stood within seven inches of the surface the 
downward movement of the salt was again more rapid in the sand than 
in the fine textured soils as shown by the data set forth in table 8. 


TABLE 8.—EFFECT OF WATER TABLE SEVEN INCHES FROM THE SURFACE ON SALT 
MOVEMENTS. DURATION OF EXPERIMENT 43 DAYS. 
CLAY LOAM 
Untreated Salted 
Soil. Soil. 
Depth of sample. 
Freezing Freezing 
point point 
lowering. lowering. 
vite) 1 eeaine eet ae eo ene RPL aR ERE S85 pee ete RASA Eo Abe ease . 680 3.50 
TR Tt Gl 6st Re ey BAO Agneta MOR OT RS CRON eo ne nee ao oe 070 BY 
S—4ANCHES SS Wo ee ee ie ee mee RD AEA Oe eee Mee ge icp cauto ro Ricroe metas .040 O76 
5=OvIN CHES Sree oe eee ee ae Rae cer Eee ete ee a Poona cone .040 .056 
GET VIN CHES Fe he ear Ie oe co omens fo eatencs Pos 026 .024 
MeEpiuM SAND. 
Et Gh RENE nett CR BAS Lg PON aie 053 362 
BEAT CHGS Aer oe eee eee ee ee ee ere EE Peds EO Ree 037 053 
ee ee .016 067 


In the next series the water table was maintained twelve inches from 
the surface. Under these conditions the downward translocation was 
found to have taken place more rapidly in the clay loam than in the 
sands. The results obtained are presented in table 9. 
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TABLE 9.—THE EFFECT OF WATER TABLE (TWELVE INCHES FROM THE SURFACE 
- ON SALT MOVEMENT. DURATION OF EXPERIMENT 43 DAYS. 


Cray LoamM 
Untreated | Salted 
Soil. Soil. 
Depth of sample. Sea = a at 
Freezing Freezing 
point | point 
lowering. | lowering. 
DATs Shee CRUE De ee phage eet oe babe 2 Shc OSE see eo eno aeoe 1.025 3.3 
ECS TIO ICS ee ee es a ke oe ED Boe oc ee Ine oh tes oe nets Hae eevee ae eH 030 -128 
SRE TICTI OSs oy eee eens Te SO a ks Sgn ae apes o araes wnat erties ae ale Poo tas 045 .O70 
TSANG RES 5 oro ae ers ae OR ae, ITE eID ER Pee SOR ee oon .030 050 
FINE SAND. 
LEENITH Pe SR Ors Eee Ce OG EDE ICIS OCC ER CtCe COED ote a aL) -190 | 3.45 
JUTTTGLSSPRe bie pce eae Oe ooge BOCe Hogue pS Cool oeetnore.<manar coy -020 -059 
iT (el 1 eee ee Oe ROSS Senn Ini aie: aipschostonalosc oa pear ee ae -020 | -051 
STAC TGS ere ie 8s ee ecole o oe ph aah aloine = lake ’Aie ahas Sing Met tren wo" Sy 015 -025 
MeEpiuM SAND. 
| 
Del ise ee Be he bo Dom Aen es So Go ace aoe ceo erie oo ocr .024 | 3.30. 
CTT CS ae ede ee ey ys eee See Sone ie nage orca gga -016 | -022 
Co TRICE FE in ate keh lbe, HOS RON Cl ERROR a OE ne Sta OR Mts eM OI OI we O17 -015 
[ET fee eee en CS Re eee TC cic Ct Aieartcarc 015 | O17 


Still another series was run in which the water table was maintained 
twenty-four inches from the surface. The salt remained very near the 
surface inasmuch as the freezing point lowering of the soil four inches 
from the surface were the same in both treated and untreated soils of 


the same Class. 


RAINFALL AND SOLUBLE SALT CONTENT OF SOILS. 


The rainfall affects the amount of soluble salts in the soil. The rate 
at which different added salts are removed by washing as well as, their 
residuary affect upon the soluble constituents of the soil has been ex- 
tensively investigated by Bouyoucos, the results of which are in the 
press. In this report however, are given the results of certain studies 
of the effect of rain upon the salt content of the soil under field condi- 
tions. Samples of soil have been taken before and after rains. In addi- 
tion the effect of different amounts of added water has been considered. 

The data in table 15 shows that a two-inch rainfall on muck lands that 
are slightly below the optimum water content for plant growth greatly 
reduces the salt content of the surface layer and takes portions of it a 
few inches below, yet there still remains appreciable quantities in the 
surface layer of soil. Samples were also taken from several soil classes, 
where the ‘growth of vegetation was prevented, before and after 1.3 inches 
of rainfall. The effect of this amount of precipitation was found to be 
measurable as the data in table 10 show. 
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TABLE 10.—EFFECT OF A 1.3 INCH RAIN FALL ON THE SOLUBLE SALT CONTENT OF 
VARIOUS SOIL LAYERS IN DIFFERENT SOIL CLASSES. 


DEPTH OF SAMPLES. 


Freezing point depressions. 
Soil class. Before a rainfall. After 1.3 in. rainfall. 

Y in. \y to 6 to Yin. ly to 6 to 

6 in. 12 in. 6 in. 12 in. 
Miami sand, cultivated............. 043 001 .000 008 .013 .012 
Miami Sand, SVALEIN i. ei eis ciclo cneaee .023 004 O01 .010 .012 .O15 
Miami sandy loam, cultivated....... SPARS) ROOD aAcrs cere .020 .029 O11 
Miami sandy loam, virgin.......... .028 .005 004 .016 .018 .012 
Clyde sandy loam, virgin........... [023 .009 O11 .028 .016 O11 
Miami silt loam, cultivated......... 041 008 014 027 040 .022 
IMiami‘silt/loam, vWilginw.. 6.0 koe. .018 006 007 .012 5027 .015 
IVETIGHS SVEN cos eis ere pievsuatel sreanye se atest bere .034 005 .009 .021 .015 .023 
Miami silt loam, cultivated......... .014 006 002 O11 .015 -O10 

Miami very fine sandy loam, culti- 

VAC OM ren croc te setae te aratcatet ores taateies sisal sai rete -101 .O15 .010 .018 .0138 .018 


Moreover certain soil classes whose salt content was known were 
irrigated with different amounts of distilled water. After the applica- 
tions, they were sampled to different depths and the freezing point low- 
erings again determined. Typical results obtained from sandy loam are 
given in table 11. 


TABLE 11.—EFFECT OF PERCOLATION UPON THE SOLUBLE SALTS IN SANDY LOAM 


SOIL. 
Freezing po-nt lowerings. 
Depth of .ample. 

Soil receiving Soil receiving 

Untrea ed 3 inches 12 inches 

soil. of water. of water. 
ANG ly Apne oas  AaO oon Seen. Oe doe 015 .010 .003 
NS} INO ie aan chon sop tower mene apatt amlee ae .018 006 .005 
Bids Oates sacerde tn ooo oaonS Ueda Sin ks 6-5 Gla at aks .010 .003 .004 
ONICH eS es hye Raine sa ae ee Pe eee .004 .013 002 


As was expected the soluble salts of light loams are greatly reduced 
by a three-inch application of water and 12 inches reduces them to a 
very low percentage. 

A heavy silt loam and a medium sand were also utilized. In studying 
the former tests were made on a level and uniform area in a corn field. 
(The corn was two inches in height.) Three inches of water greatly 
reduced the soluble salt. content of the surface soil having little effect 
upon the adjacent layer, but the twelve inches of water greatly reduced 
the salt content in the upper nine inches of soil. 
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TABLE 12—_EFFECT OF PERCOLATION OF WATER UPON THE SALT CONTENT OF SOIL 


Sriit LOAM. 


Freezing point lowerings. 

q Soil receiving | Soil receiving 

Depth of ample. Untreated 3 inches 12 inches 

Soil Water Water 
a Viste (6) Olean cere anor, SIRES Mae Oe SIG aCIOr GSN) ey Concies Stoic a ic 097 006 006 
1 STITT CTCS se re eee ee a) trate ts, wide chases Beagle os itis 024 012 007 
Fee GLI CLTG Sie oes eure eal ea oat ne retin achesit snes shane el cesar 016 014 004 
QanGhES aes eee a 013 O17 .005 

MrpiumM SAND 

AMTTU CIOS Hae i ciciceney cee nhc mal ee eeu ae ta Legh ie coTob Code) fob daleneiltel = 015 .002 003 
Te SN CHES Hinde ote eon ce eects 018 004 005 
SEG MITT CHLES Hence a sets Paiste tay Nae mae Dantas ioe ope bees 010 008 .005 
OrinGhese mast ue abate 004 013 002 


In case of the medium sand 3 inches of water removed practically all 
of the soluble material to the nine-inch depth and samples taken after 
twelve inches of water had been added showed freezing depressions only 
slightly higher than distilled water. 


EFFECT OF CROPS ON SALT MOVEMENTS. 


Growing crops affect salt movement in soils. A number of samples 
were taken from soils occupied by spring grains, grasses, and meadows 
and adjacent areas upon which plant growth was prevented. In taking 
samples the surface was removed to a depth of one-fourth inch. At the 
time of sampling the rainfall had been inappreciable for thirty days. 

SABLE 13.—EF FECT CF CROPS UPON SOLUBLE SALTS PRESENT IN SOILS. 


Freezing point lowerings. 
Soil class. Kind of crop. 
Parts per Parts per 
Cropped. million. Bare. million. 

Silt Woda eee anise sete kas eo WOUNErSrASS <r -- 020 500 090 2250 
Sandy Hoan eiecede tas) || WV OA trrsratss agus a O17 425 .043 1,075 
SU GEL O ATMS esd ace icy cach eee en OUUSS eres iariae ot eve j axe 025 625 2125 3,125 
Sandy-c loam. a--. 95.4.) Barley. & aoe 012 300 050 1,250 
Sanarets: “iin ea ees TE EU VOMennGn nh Girke Sec 013 325 .016 400 
IVI CIES ER a asa eina eee ee atSe. ee ites Gusta s 048 1 ,200 .842 21,050 
SEAN I Rc tee heron Grmmominjan wa OCIS Flee ioso dole O11 |- 275 014 350 
Siltiloames.. 34-20) ele Allsilke: iclovernsa2). 012 300 .020 500 


In all except the sands the freezing point lowerings of the surface 
soils showed an accumulation of salts where the land was bare. 
It seems that the difference between the cropped and uncropped soil 


in this respect is due to differences in water content, water movement, 
temperature, and to the removal of soluble constituents by the growing 
plants. The sandy soils studied, rapidly mulch themselves and conse- 
quently deposition of salts at the surface is prevented. If samples had 
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been taken just below the mulch it is probable that the freezing point 
lowerings of the bare soils would have been somewhat higher. More- 
over, the soluble salt content of the sands was not great. 

The effect of the growing crop is very local in this respect. Samples 
were removed at different distances from the growing plants in the hare 
soils in a number of cases. The results obtained as summarized in table 
13 show clearly that the influence of the plants is not greatly felt be- 
yond twelve inches, in some instances it extends over shorter distances. 
Moreover, the presence of nitrates usually accounts for more than one- 
half of the total solids as determined by the methods employed. 

The nitrate content of a number of surface samples was determined. 
The samples were washed on a filter paper with distilled water until 
the leachings were practically constant in concentration as determined 
by the electrical bridge. The leachings were then evaporated to a small 
volume, transferred to Kjeldahl flasks and distilled with potassium 
hydroxide and Devarda metal. The total ammonia found was calculated 
to Ca(NO,),. 


TABLE 14.—SOLUBLE SALTS IN SURFACE SOILS. 


DISTANCE FROM GROWING CROP. 


1-4 inches. 8-12 inches 24 inches 
Nitrates Nitrates Nitrates 
275 | Total as 2,5 | Total as 2c5 | Total as 
‘25 | solids. |Ca(NOQs)2. | -&o | solids. |Ca(NOs)e.| -3o | solids. |Ca(NOs)2. 
Kind of crop. & op 2 a0 & ep 

00. wo.E 20.5 

‘2 | Parts Parts |-s 2 | Parts Parts |<& | Parts Parts 

2.8 per per a) per per 3° | per per 

Fe million | million gS million | million cS million million 
Wheat Ac saone sca osee cee . 043 1,075 369 | .043 1,075 492 .136 | 3,400 1,865.5 
Wheat: iia oe ee el ee eee . 020 500 328 | .043 1.075 Ghip eel Matar Belacaewial etoestedea 5 
Alsike\cloviereieoer tees aceon 023 575 266 | .026 650 205 .028 700 123 
Alsike'cloveriz.. )oascitesdpicce cine ee 016 400 246 | .020 500 410 .020 500 348 


The amounts of soluble material in several muck deposits have been 
determined. We have repeatedly observed that salts accumulate on the 
surface during periods of drouth or low precipitation. Recently our 
attention was called to an unusual condition in a muck deposit near 
Potterville. It was reported that onions were growing very slowly in 
this particular soil although it was being cropped the first time. A visit 
to the area revealed that appreciable quantities of salts had accumulated 
on the surface, moreover the soil was moist. Samples were taken to 
the depths shown in table 15 and also a sample of water from a drain- 
age ditch. When the-first samples were taken the precipitation had been 
nevligible the previous thirty days. A few days after sampling a two- 
inch rain fell and the area was again visited and samples taken. At 
this time the onions were growing with greater vigor than formerly. 
The results of the determinations are given in table 15. 
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TABLE 15.—SALT CONTENT OF MUCK. 


Freezing point lowerings. 
Depth of sample. | 
After 2 
Before Parts per | inchrain | Parts per 
rain. million. fall. million. 
e= = 
| | 
TSS Ey O61 0 A She or ate See Eee Oi ao mies Or 1.47 | 36,750 O31 775 
US ab iYel ele) ban ae eee a ak eee icra Oe .026 650 035 875 
SRA G Cah Ah NO REN EP ree eo os Ce OCR O15 375 0.20 500 
GOs TON OR ei rcd opens te aie itis coe ceaactgst een els Somes O14 350 .013 325 
N= FATT OSe sc rerae eet ea Ua erates, slasytoarhgere*, « .016 400 015 375 
SARS OMCHES. ee ee eae cece a, eh eas epee ts .016 400 0.14 350 
TDR AIN AL Oe Wa UOl cx sretel, /a> weal ean’ <clelst oteriny <p -f-3ioy au'oval 1 ors .016 400 


The high concentration of the salts at the surface indicated that the 
retarded growth of the onions was due to this factor. Accordingly 
samples were taken to the laboratory and Canada Field Pea seedlings 
placed in washed and unwashed soil. One part of the soil was washed 
with 5 parts of distilled water. The water content of the soil cultures was 
uniform and maintained so by daily additions according to the usual prac- 
tice of conducting such studies. The cultures were placed in the east side 
of a well lighted laboratory. After ten days the seedlings were dead 
in the unwashed soil, no growth of roots having taken place while in the 
washed soil the roots had attained two and one-half inches in length 
with numerous laterals and the stems had grown to be two inches in 
length. We concluded from these results that the salt content in the 
surface layer of muck was too great for proper plant development. 

The soluble salt content of samples taken from different layers of 
three muck deposits was determined. The results are reported in table 16. 
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The above results show that the soluble salt content of different muck 
soils is quite variable, Se in the upper layers and becomes quite 
high in some, several days after a rain. When it is considered that these 
determinations were made ah satin soils the conclusion that the 
concentration at medium or low water contents may become quite great 
and thereby injure plants, seems tenable. 

Another interesting soil condition was found. Mr. Severance of Lan- 
sing reported that his tomato plants were developing very slowly regard- 
less of the fact that they were properly watered and otherwise treated 
normally. The soil had been used for greenhouse purposes for eight 
years. A flat of plants was brought to our laboratory, an examination 
revealed that they were not diseased but showed characteristic develop- 
ment of plants grown in solutions of high osmotic pressure. The soil was 
sampled and the soluble salt content determined as usual. It was found 
to have a freezing point lowering of 9.115° which of course is several 
times greater than normal soils. He was advised to leach the soil by 
means of the garden hose. Later reports were to the effect that the 
plants grew in the flats that were so treated and developed at a more 
‘rapid rate than those that were watered as usual. We obtained a quan- 
tity of the soil and reduced the salt content of one portion by percolating 
distilled water through it. It was interesting to find that one inch 
of water removed much of the soluble salts from this soil. 


TABLE 17.—REMOVAL OF SOLUBLE SALTS FROM GREENHOUSE SOIL. 


Soil. Leachings. 


Freezing?| Parts Freezing Parts 
point® per point per 
lowering. | million. | lowering. | million. 


Freezing point lowering of soil before leaching.... . . 105° 2 625 , 
Freezing point lowering of soilafter one inch of water O35 875 0707 1750 
Freezing po‘nt lowering of soil after two inches of 

water... .024 600 -020 500 
Freezing point low er ing of ‘soil after three inches of. 

water... | .022 550 016 400 
Freezing point Jowering of soil ‘after ‘four inches of 

WE GE Tusa crepe tercars: bintneits on spike feimuics eset lactase Nets, ete tecetanrs f Seapea| -020_ | 500 015 375 


In making the extractions a two-inch layer of soil was placed in a 
tube. 4 inches in diameter, brought to the saturation point and the above 
amounts of water passed through it. A nitrate determination of the soil 
revealed that it contained 298.5 5 parts per million, or much of the 
total soluble salts was made up of nitrates. 

Flats were then filled with the leached and unwashed soil, respectively, 
and tomato, lettuce and radish seed were sown. The germination of the 
seed in the former case was 75 per cent less than in the latter and at the 
end of 14 days the average heights of the plants were as given in table 18. 
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TABLE 18.—PLANTS GROWN IN WASHED AND UNWASHED GREENHOUSE SOIn, 


i. a | 
| 


Height of plants. 


Crop. a j 
Washed Unwashed 
soil. soil. 
Radishes ET Seeen eee ee 3 rented 1 34 inches 
TO GEL eee ee rk ce betes ea ee eee 2% inches | 1 44 inches 
FOIA COOS sos ho ea cee ae eaee teres eae esate aot eras fol Nope e nies caer Mere 11% inches 1 inch 


Inasmuch as the evaporation rate is rather high under greenhouse 
conditions, there is a tendency for the soluble constituents to accumulate 
at the surface unless the soils are watered frequently. If the soluble 
salt content is high this is certain to occur. It may be cited for example 
that the surface 14-inch layer of soil in the flat revealed a very high 
concentration 24 hours after moistening, the freezing point depression 
being 1.35°, the soil being saturated with water when the determination 
was made. 

DISCUSSION OF RESULTS. 

Salt translocation in soils is due mainly to water movements. The 
data obtained from experiments in which water movements were pre- 
vented show that salts added to a soil move away from the point of high 
concentration and the rate is largely dependent upon the mass of salt 
present as well as the water content of the soil. Now in the field the 
total soluble salt content is relatively low and hence diffusion accounts 
for but local movements. The results of our studies of the freezing 
point lowerings of the surface layer of soils occupied by small grains 
and grasses and adjacent bare soils is further proof, yet it is probable 
that it operates to some degree in close proximity to the root hairs and 
aids in furnishing the plant with substances in solution. 

When water movement takes place some of the soluble salt present is 
carried along with it. The results of the experiments where the soils 
were treated with substances in solution sufficiently near the surface to 
be within the zone of upward film movement, bear this out. Moreover 
the freezing point lowerings of samples of muck soil taken at different 
depths frem the surface as well as the accumulation of nitrates and 
other salts at the surface of uncropped soils in larger quantities than 
in cropped soils show that such is the case. Of course under the 
latter conditions the lack of accumulation is doubtless due in part to 
the removal of the nitrates and other substances by the plants. More- 
over, the condition is probably less ideal for the formation of such on 
account of differences in temperature of the soil and also lower water 
contents. At any rate the salts that appeared on the surface came from 
relatively short distances below the surface. 

Do salts move upward from subsoils to supply the plant? It is 
considered by some that the movement of salts from the subsoil plays 
an important role in soil fertility. Considering the results of Leather 
(5) in India as well as those of Burr (4). Alway (5) and others, which 


(8) Leather, J. W. 1908. 'The-Loss of Water from Soi ‘ing “y x 2 i 
Wey ANGINA AL Ge Be Tee ss of Water from Soil during Dry Weather. In Dep’t. of 
(4) Burr, W. W. 1914. The Storage and Use of Soil Moisture. Nebr. Agr. Expt. Sta. Re- 
search Bul. 5, 88 p. 
(5) Alway, F. J. and McDale, G: R. 1917. Relation of the Water Retaining Capacity of a 
Soil to its Hygroscopic Coefficient. In Journ. Agr. Research Y. 9 No: 2)pp ee iad. 
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go to show that film movement below the zone of root penetration is 
slight, and in addition the fact that the force of gravity is operative 
and also that in the humid region approximately 40 to 50 per cent of 
the rainfall passes through the soil, it seems logical to conclude that 
soluble substances carried or formed below the zone of root penetration 
are of minor importance in crop production: yet investigations now under 
ray may lead to different conclusions. 


EFFECT OF PLANT GROWTH ON THE SOLUBLE SALT CONTENT OF SOILS. 


Considerable interest has been manifested in the ability of plants to 
lower the concentration of the soil solution. It was found by Lyon 
and Bizzell (6) that the nitrate content of the soil under different crops 
growing on similar soil was quite variable, some crops apparently 
having the power to stimulate nitrate production while others exerted 
an inhibitive effect. Much work has also been done by various investiga- 
tors on the water extract of soils under different conditions of cropping 
and tillage. Recently, Hoagland (7) showed that under controlled 
conditions the concentration of the soil solution varies at different periods 
of the year and is materially affected by plant growth. So far as the 
writers are aware, however, no data have been published showing whether 
or not the total concentration of the soil solution as it occurs in field 
soils is affected by the growth of plants. We have made studies of the 
effect of plant growth upon the concentration of the soil solution in the 
soil. 

A. CULTURE STUDIES. 


In the first series of experiments corn was grown in test tubes con- 
taining about 50 grams of soil. When the plants were well-rooted the 
kernels were removed so as to make the plants dependent upon the min- 
eral nutrients in the soil as soon as possible. After twenty days the 
plants were removed, the soil screened to free it of roots, and after air 
drying, made up to a definite water content and the freezing point de- 
termined in the usual manner. 

The freezing point lowerings and corresponding parts per million of 
soluble salts, as calculated by the formula derived by Bouyoucos (8) 
of both the cropped and uncropped soils are shown in table 19. 


TABLE 19.—EFFECT OF PLANT GROWTH ON THE CONCENTRATION OF THE SOIL 
SOLUTION. DURATION OF GROWTH 20 DAYS. 


| ai 
Uncropped soil. 


Cropped soil. 


Soil used. Freezing | — Freezing | 
point | Parts per point Parts per 
depression. | million. | depression. | million. 
| 
Miedtinr sand: 4m. oes ae Odo 300 | 005 125 
Ciydeisandy, loam:. 2292-42-22. .| .022 | 550 | 002 50 
esi | t | 


(6) Lyon, T. L., and Bizzell, J. A. 19138. Some Relations of Certain Higher Plant to the 
Formation of Nitrates in Soils, Mem. No. 1, Cornell Uni. Agr. Hxpt. Sta. d 

(7) Hoagland, G. R. 1918. The Freezing Point Method as an Index of Variations in the 
Soil Solution Due to Season and Crop Growth. Journ. Agr. Research, V. XII, No. 6, pp. 369-395 

(8) Bouyoucos, G. J. and McCool, M. M. 1916. Further Studies on the Freezing Point 
Lowering of Soils. Mich. Agr. Exnt. Sta. Tech. Bul. 24, 51 p. 
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The growing plants reduced the salt content of the soil solution in 
medium sand from 300 to 125 parts per million and in the sandy loam 
from 550 to 50 parts per million. 

These results indicate that the soluble salt content of the soil may 
be greatly reduced under very intensive cropping. 

In order to obtain additional information on this question larger con- 
tainers were employed. Barley and corn were grown in pots containing 
three kilograms of soil, the concentration of the soil solution being 
determined at different stages of their growth. The results derived from 
this series are set forth in table 20. 


TABLE 20.—EFFECT OF PLANT GROWTH ON THE SOLUBLE SALT CONTENT OF SOILS. 


Uncropped 
soil. Barley. Corn. 
| x D 
> > 
| 3 2 em ee a 
ere BEIT | = as ad s ag 
2s eX) Ke) eg S96 AO sie 
a rae a ue B aS mie he Ou = 
m6 | 26 | #3 | 25 | 3 | 28 | BS | 85 | a3 | 3e 
Ss | #4 | SS | #2 | 58 | 58 | Se | 24 | 58 | S8 
oo = oo | BH | go | 8a | oo | BE | So | ga 
| A, Ay a a Ay A A 
Six weeks period. 
Medium sand..... .012 300 | .003 75 | .009 225 
Sandy loam.......| .030 750 | .010 250 | .020 500 as 
Nine weeks period: 
Medium sand..... .012 300 | .002 50 | .010 250 | .004 100 | .008 200 
Sandy loam.......| .030 750 .007 175 .023 175 .005 125 .025 625 
Twelve weeks period: 
Medium sand.....| .012 300 FOOOA es cena OS 300 O01 25 O11 275 
Sandy loam...... | .030 750 004 100 .026 650 002 50 028 700 


These data show that in six weeks barley reduced the soluble salt 
content of medium sand from 300 parts per million to 75 parts and of 
sandy loam from 750 parts per million to 250 parts. These are very 
substantial decreases. 

After nine weeks the concentration of the soil solution was equally 
low and after twelve weeks all soluble materials as measured by the 
freezing point method had been removed from the sand and that in the 
sandy loam was reduced to 100 parts per million. The results with 
corn agree perfectly with those obtained with barley. 

Another series was run in containers holding approximately 8 kilo- 
grams of soil. In order to overcome the effect of salt movement and 
other factors which tend to an uneven distribution of soluble material 
in soils, sufficient water was added to make a thick cream and the soil 


stirred thoroughly. Samples were then withdrawn by means of a spoon. 
The data obtained are presented in table 21. 
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TABLE 21.—EFFECT OF PLANT GROWTH ON THE SOLUBLE SALT CONTENT OF SOILS. 


At time of 
planting. Uncropped soil. Barley 115 days. 
Soil type. ’ 
Freezing Freezing} Parts | Freezing| Parts 
point Parts point per point per 
depres- per depres- | million. | depres- | million. 
sion. million. sion. sion. 
x ~ ae ? » 
Miami very fine Sy loge eck .012 300 .020 500 003 75 
Clyde silt loam. Boa eaters 004 100 .016 400 .005 125 
Clyde clay 1 OAT AR eee rss 013 325 .030 750 015 375 
Clyde sandy loam. oC oy PONCE Ope .012 300 .023 575 .010 250 
Miami sand. See Eats el tame he tase 013 325 044 1,100 O11 275 
Miami silt loam. Pe basa ica ea 006 150 .O21 525 O15 375 
Mini Cena er. s Be EES IO: Toca Eu Eeracrarae .005 125 .0O13 325 O12 300 


It seems justifiable to conclude that under the condition of these 
experiments, that is relatively small volumes of soil, the soluble salt 
content of soil may be largely utilized by the plants thus reducing the 
concentration of the soil solution to a minimum. Whether this phe- 
nomenon occurs in the field where the quantity of soil exposed to the 
action of the plant roots is very large, is more doubtful. 


B. FIELD STUDIES. 


To throw some light upon this question several classes of soil were 
sampled under different crops. For comparison small areas were scraped 
free of vegetation early in the spring and maintained so throughout 
the season, both virgin and adjacent field soils being included. On 
June 13th samples were taken of the surface 14 inch and of the soil imme- 
diately below to depths of six and twelve inches, respectively. Con- 
tamination of the lower sections was prevented by inserting a metal tube 
to the depth of six inches and taking the sample through it. The samples 
were taken directly to the laboratory, spread out in a thin layer, allowed 
to become air dry, made up to a uniform water content and the treme g 
point lowerings determined in the yeu manner. 

The results are presented in table 22 
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TABLE 22.—FREEZING POINT DEPRESSIONS OF DIFFERENT SECTIONS OF VARIOUS 
SOILS UNDER DIFFERENT CONDITIONS. SAMPLES TAKEN JUNE 13, 1918. 


Section of soil sampled. 


144 in. 4% to 6 in. 6 to 12 in. 
Description of soil. e 
= =, =] 
me aed Asia 
gs aS 3é 
soe [okt alleen. | ae et< | ace eel eae 
ao | 89 | ae | 28 | BS | Bs 
os ai eo) RA os Ais 
ey oy m Ay Fy a 
Miami sand: 
Virgin soil-with erass Temoved-... -=c.es enue il SOLS 575 004 100 001 25 
Virgin soil (sod). Sia! ao ee ee rata eerie een eetasie toa tee OG 150 | .002 50 
Growing timothy FATE ClO VOL se 5. an eee |e ae ALO) 50 002 50 
Growing barley (fully headed) . RE ae eenle2005 125 002 50 | .004 100 
Growlsg oats, jointing stage.... er lienewe eats eon OO! 50 002 50 000 
Cultivated soil with crops removed.-2.. 2... es. f8 043.14 O75 OO1 25 000 
Miami sandy loam: 
Virgin soil with grass removed................| .028 700 .005 125 004 100 
Virgin soil (sod) . dau Ne Ree eget te pe allah eae | Arnel PROD 50 .000 ew) 
Growing rye (fully headed) . ilobes is twee iesye | POLS 375 008 200 002 50 
Cultivated with crop remov Cae ae ates | SOG te (GUS 7 005 125 003 75 
Miami silt loam: 
Virgin soil with grass removed................| .018 450 .006 150 007 175 
Virgin soil (sod). aS MSha AE suas Bere alee. Semen OOS 75 005 125 
Growing alsike (in full bloom) Re er et Aca cy pas CELL 275 006 150 004 100 
Cultivated with crop removed.................| .041 |1 ,025 008 200 014 350 
Miami very fine sandy loam: 
Mirgin soil with erass removed. ..2)-.- =n. Ole 300 | .005 125s |) SOOM 175 
Virgin soil (sod). RES EAN Ney eel pe eae | Paty pera hae 0 300 | .008 200 
Growing oats (jointing stage) . ST es ee Ra tel (oe OO: 100 007 AD 002 50 
Growing alsike and -timothy.....: —.3...-.. 1. 5...| 72010 250 | .008 200 | .006 150 
Cultivated with crop TOMOVOC oe ee SOI 2e5o5 015 SH (5) 010 250 
Clyde sandy loam: 
Virgin soil with grass removed......—->.¢-1-:-..--|) O20 575 009 225 O11 275 
Virgin soil (sod). Paice EMIS Pa Con eee eel Pct cae | LG nal fase OLE 2U5 010 250 
Cultivated with crop removed................. .023 515 rest : t 
Clyde silt loam: E 
Virgin soil with grass removed.........:......| .030 750 008 200 013 325 
Virgin soil (sod) . See RS CHR oy ose tail le ean ed | ee ees SOLO) 250 005 125 
Growing oats, 15 inches high. . Adee ta Hae oie sea olaplye! 600 008 2Z200F 7. OL5 375 
Growing clover Gin full bloom).......-........]| .020 500 | .002 50 013 325 
Cultivated with crop removed.................| ©0115 BW) 001 25 005 125 
Miami silt loam: 
Mirgin soll*with erassiremoved ict. 2s 2 ues il OO 375 | .010 250 | .010 250 
Virgin soil (sod). Be ci eae aN aces Ness at rl PRR lI 0,018) 150 .012 300 
Growing alsike, full ‘bloom. RES ts Oe os a ae eal we LUIZ 175 .004 100 .010 250 
Cultivated With: CLOPVeMOV.Eds. 2s cae. soe oe eras oll eee OLA: 350 006 150 002 50 


The salt content of the quarter-inch section varied markedly. Where 
there was no vegetation a considerable concentration of salts *vas found 
in this layer, while where vegetation was permitted to grow with few 
exceptions no such accumulation occurred. Apparently some of the 
soluble material in the lower section of the uncropped areas moved up- 
ward and was concentrated at the surface as was expected from results 
of experiments reported earlier in this bulletin. It is possible, hewever, 
that this accumulation was due in part to the rapid formation of soluble 
material in this layer and not wholly to its concentration from other 
sections of soil. The lack of accumulation on the surface of the cropped 
areas may be explained by the utilization of the soil moisture to such 
an extent that there was little capillary movement to the surface, which 
according to data presented previously would greatly reduce the move 
ment of salts. Furthermore, the removal of some of the soluble material 
by the growing plants is to be considered. 
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At this season there were no consistent differences between the solu- 
ble salt content of the lower sections taken from cropped and uncropped 
soils, respectively. Moreover, the freezing point lowerings, in general, 
were low. 

Several cropped and uncropped soils were sampled on August 5 and 
September 3, respectively, and the soluble salt content determined as 
usual. It is unfortunate that the surface layers or quarter-inch sections 
were discarded inasmuch as the rainfall had been small ten days pre- 
vious to sampling, according to the data given in table 34. A study of the 
results obtained which are given in table 28 leads to the conclusion that 


TABLE 23.—EFFECT OF PLANT GROWTH ON THE CONCENTRATION OF THE SOIL 


SOLUTION. 
August 5. September 3. 
| ee 
| 2 O—G.in- | 6-12 in. 0—6 in. 6-1 
| | } 
Soil types-and crops grown. etait aa [Ses eeel Si 
|} &- a5 ‘arc | Se 
ie Ss Bs ee 
woe | Be [ee | Be | we | Be |e | Be 
ge | eg | fe | ag | $2 | 82 | Se} ag 
ee he ae ee a2 sted PRE am 
Ey A, S 3 | Ay i Ay 
Miami sand: | | 
Virgin, grass removed.. .. ....| .005 125 | .001 25 | .001 | 25 002 50 
pea erase. ee ee | O06 4, 150.|2.004 100 | .007 175 | .002 50 
Hay. i ape POG G Ree al | .005 125 004 | 100 LOOT eae e5 004 100 
Oats. . agoey EET tetera .003 75 003 | 75 | .006 | 150 |. .004 100 
Crop removed..... ete te etm 2 OOS? Lato SO0G= | ASTOOUieew ee e : 
Miami sandy loam: 
Virgin, grass SEED E Le Be Se ee ty 2002 50 | .010 | 250 | .008 200 | .002 50 
Virgin, grass... By oy Se] 0027 |e 56:1 002: [te 50712005 125 | .004 100 
Wheat ee lee eres) aha oe -OO1 | Zee OOO sear 002 50 002 50 
REV C245,c72-: Sete ee ar Ree te ~ See 006 150 .004 | 100 009 125 005 125 
Hay. Splash ahs ge, Mig eta ey OSE ageless Be | OOM 25 002 50 
Crop removed. orc SEP eee, 22 e, Pog aed 825 | .019 | 475 | .031 775 004 100 
Miami silt loam: | 2 
Virgin, PRASS TOMOVCOs cae ee LOO 250 5005, at .022 550 006 150 
eee! oe ae esas aad == |= 022 -1= 7300 003 75 007 175 | .005 125 
Alsike . Scat nn peer na a -002 | 50 001 25 009 225 .008 200 
Corn. Sato rae Geta LO seo --| 019 475 | .007 175 | .014 350 .008 200 
Crop removed. Sewekeee shire] fan a Ltr Nis 30) .016 | 400 -010 | 250 010 250 
Miami. very fine sany loam: } | | 
Virgin, grass removed. | .009 | 225 |*.010 | 250] .006 | 150 | .002 50 
V Pea, BREE: ES |} .002 300 006 150 | .004 100 002 50 
Hay. Ret eee kao | aS ee, Teas HOOD 225 005 125 005 125 .006 150 
Oats. . See = Pee et 3003, 75 .010 250 .006 150 .006 150 
Crop TOMONGE Se Se | .O11 275 012 300 .008 200 .008 200 
Clyde sandy loam: 
V irgin, grass es C2 cay ee LUC 175 005 L259 (5020 500 019 475 
Virgin, grass... . ies. || 208s 375 | .003 Weal 2007 175 008 200 
Beans. } .013 325 .009 225 O12 300 005 125 
Crop removed. | O15 375° | 004 100 Pace a . 
Muck: \ 
Virgin, grass removed....-......| .023 | 575 020 500 .023 575 .018 450 
Virgin grass. pas Sete ee OLS S250 Ole 300 | .013 335.1 O81 275 
Cori. 7. oS ae .020 500 | .014 350 030 750 .022 550 
Crop renoveds. 2-2 oe <2 S026 650 | .015 375 | .044 |1 ,100 | -.027 675 
Clyde silt loam: 
Virgin, grassremoved.. ... . .037 925 .012 300 | .020 500 .008 200 
WAPSIN ELASSHye eee cet eas os See | Ee 275 | .O11 275 | .015 375 | .009 225 
Red ClOVED soe asetecarse 2S fee Tee OLS, 375 | .010 250 | .009 225 | :008 200 
WiGCOS! ty festa nse see epee O09 225 | .009 225 -| .013 325 | .011 275 
Oats =>. Be eR Ee Goa | OULU 175 | .007 175 | .003 75 | .004 100 
Crop removed. tA ntat tae SOLS 325 | .004 100 | .009 225 | .007 175 
Miami silt loam: 
Virgin, grassremoved.. . ... . | .008 200 | .008 200 | .007 175 | .006 15 
WarpiiSCasSa-) 2). 6 oe Ee OUD 125 .000 000 .006 150 .005 25 
Weeds. ce he ee ane OOD 50 | .002 SC bee ari | seme (Reig, 3 
Crop removed. | Se tha hectoee ee fee OO oe 150 | .010 250 i 
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the small grains and grasses retarded accumulation of soluble sub- 
stances in the soil solution in the field soils, althongh not to such a 
marked degree as occurred in the cultures. On the other hand, the cul- 
tivated crops, corn and beans did not so markedly affect the concentra- 
tion of the soil solution in the soil. The study of the eifect of plant 
growth on the concentration of the soil is being continued. In the 
studies several crops are being grown on the various soil classes under 
different rates of seeding and other conditions. 


THE EFFECT OF DIFFERENT CONDITIONS OF A. MOISTURE AND B. TEMPERATURE 
ON THE RATE OF FORMATION OF SOLUBLE SALTS IN CROPPED AND VIRGIN SOILS. 


The differences in productivity between virgin and long cultivated soils 
has been the subject of much investigation. Chemical analyses have 
shown in some cases differences in the total as well as the easily soluble 
mineral nutrients and difference in the organic matter content are some 
times quite marked. It is admitted, however, that no method yet devised 
furnishes a consistent measure of the productivity of soils. 

Many phases of the factors that effect the solubility of soil constitu- 
ents have been investigated by Bouyoucos, the results of which appear 
in another publication. 

The idea suggested itself to the writers that possibly there is some 
difference in the rate of formation of soluble constituents in cropped 
and virgin soils. In consequence experiments were undertaken to measure 
the variations in the concentration of the soil solutions of such soils 
under different conditions of moisture and temperature. 

For use in these experiments samples of soils in the vicinity of the 
College were collected on the 22nd of March. An effort was made to 
obtain soils which had been cropped for a long period of years with little 
or no addition of manure or other fertilizing material. A sample ef the 
virgin soil from a line fence was also collected. The samples represent 
the first six inches of soil. Similar samples were taken May 17th in 
Lenawee county from soils whose productivity had been greatly decreased. 


A. MOISTURE. 


High Water Content. For these investigations 20 gram samples of 
the soils from Ingham county were weighed into ordinary freezing point 
tubes and 20 ¢.c. of distilled water added. After one hour the freezing 
point depressions were determined with a Beckmann thermometer in 
the usual manner. The tubes were then stoppered and stored in a con- 
stant temperature chamber at 25°C. Weekly the contents of the tubes 
were thoroughly agitated by stirring and shaking and the tubes allowed 
to stand unstoppered for a short time in order to permit the escape of 
carbon dioxide which might have been formed and which if allowed to 
remain might affect the freezing point depression. 

The freezing point lowerings of the soil solution and the calculated 
parts per million of soluble salts after ten and thirty-day periods are 
shown in table 24. 
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These data show that with the exception of the Clyde sandy loam the 
virgin soils have a much greater concentration of soil solution after ten 
days, than do the cropped samples. The increase varies from twice 
as much in the case of Miami silt loam to three times as much in the 
case of Miami very fine sandy loam. 

At the expiration of the thirty-day period a tendency for the concen- 
trations of the solutions of the cropped and virgin soils to approach each 
other is noticeable in the case of the samples of Miami silt loam. This 
is brought about in one case by a further increase of the soluble salts in 
the cultivated soil and in the other case by a decrease in the salt con- 
tent of the virgin sample. There is still quite a distinct excess of soluble 
material in the virgin samples of sand and yery fine sandy loam over that 
of the corresponding cropped soils. 

In only one case is there a distinct increase in the amount of soluble 
material present after 30 days over that found after 10 days while in 
four cases there is an appreciable decrease. This phenomenon is quite 
interesting and will be referred to later on. 

The data presented indicate that while there is a marked tendency for 
both cropped and virgin soils to show an increase in soluble salt content 
after standing at the water content used, the solubility of the virgin 
soils on the whole is greater than is that of the cropped soils. 


Medium Water Content. For these experiments 20 grams of soil 
were placed in freezing point tubes and 10 c.c. of distilled water added. 
In the case of the heavy soils this amount of water was sufficient to make 
a thick mud while with the lighter loams and sands water stood over 
the surface of the soil after settling. 

As in the previous series the freezing point lowerings were determined 
one hour after adding the water and again after standing ten and thirty 
days, respectively, at a temperature of 25°C. The same precautions 
were taken to prevent the accumulation of carbon dioxid or other gases. 

The following table shows the results obtained with the soils from 
Ingham county. 
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The above data show an increase in the concentration of the soil 
solution after 10 days in all cases except one, namely, the virgin sample 
of Clyde sandy loam, which remained practically constant. In three 
cases there was a greater increase in the soluble salt content of the 
virgin samples than of the cropped, while in two instances the increase 
in concentration of the soil solution of the cropped soils was greater 
than that of the virgin. 

After 30 days only two samples showed a greater increase in the salt 
content of the virgin soils than of the cropped. In one case both cropped 
and virgin samples decreased in soluble salt content and in one case 
the increase was the same. 

It is interesting to note that the tendency for the soluble salt con- 
tent to decrease between the 10-day and 30-day periods which was 
observed with the high water content used in the preceding experiment 
was much magnified in this series. 

The results obtained from Lenawee county soils with medium water 
content are given in table 26. 
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The Lenawee county soils showed no appreciable increase in the con- 
centration of the soil solution after 10 days in five instances. In two 
cases there was a slight decrease in the concentration of the soil solutioi:. 
In five soils the virgin samples showed, a decidedly greater increase in 
the soluble salt content than the cropped samples. 

At the end of the thirty-day period these soils exhibited a decided 
difference in behavior from the Ingham county soils under the same 
conditions. In every case but one there was a marked increase in the 
soluble salt content above that present after ten days. This is a very 
interesting point and further reference will be made to it. 

At the end of the second period four soils showed a greater increase 
in the concentration of the solution of the virgin sample than in that 
of the cropped. In one soil there was no difference and in two cases the 
cropped samples were lost so comparisons could not be made. 

A summary of the results with the Lenawee ccunty soils brings out 
that there is a tendency for virgin soils to go into solution to a greater 
extent than the cropped. This agrees with the results from the Ingham 
county soils at high water content but is somewhat at variance with ihe 
results obtained when a medium water content was used. 

Optimum Water Content. In order to simulate field conditions more 
nearly it was considered advisable to carry on a series of experiments 
in which the soils were maintained at a moisture content similar to that 
found under natural conditions. 

For this investigation samples of soil from Lenawee county were used. 
They were brought to a laboratory as quickly as possible, screened 
through a coarse screen and thoroughly mixed. When not sufficiently 
moist distilled water was added to bring them to optimum moisture 
content. Two hundred gram samples were weighed into sterile tumblers 
and incubated at 25°C. To determine the freezing point depression 
sufficient distilled water was added to make a thick cream and the soil - 
stirred thoroughly to insure uniformity. Samples were removed with a 
spoon to a freezing point tube and the determinatiens made with the 
Beckmann thermometer, as usual. 

In the table below are found the freezing point depressions and ihe 
calculated parts per million of soluble salts present at the beginning of 
the experiment and after 16 and 42-day periods. 
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All the samples showed a marked increase in soluble salt content after 
incubating sixteen days, except a silt loam taken from a poorly drained 
area. 

In four of the seven soils tested there was an appreciably greater 
increase in the concentration of the soil solution of the virgin samples 
than of the cropped. The_cropped and virgin sainples of the other three 
soils seem to have increased at approximately the same rate. 

After forty-two days incubation at 25°C, a distinct decrease in the 
soluble salt content of several samples was observed. This is in accord 
with the results obtained with the Ingham county soils at high and 
medium water content, but somewhat at variance with the data for the 
Lenawee county soils at medium water content. To what this decrease 
in soluble salts is due is not made evident. It may be in some cases due 
to the utilization of the soluble material by organisins or it may be due 
to a readsorption of the salts by the soil or to the formation of less 
soluble substances. 

At the end of this period the virgin samples of four of the soils were 
found to have larger amounts of soluble salts present than the corres- 
ponding cropped samples. In one ease the cropped sample attained 
a higher concentration than the virgin and in the remaining soils prac- 
tically no difference was evidenced. In conclusion it may be stated that 
on the whole there is a difference in the rate of solubility of cropped 
and virgin soils. In some cases the difference is slight and even the 
reverse condition may exist, but apparently a decrease in the -rate of 
formation of soluble substances is one of the changes which soils usually 
undergo as a result of long continued cropping without the addition 
of fertilizing material. 

It must be noted, however, that the date of sampling of soils probably 
has a great deal of influence upon the reaction of the soil under different 
conditions of moisture and temperature. In other words the organisms 
in the soil and also the salt content are factors to be reckoned with. A 
sample of soil taken from the field in March may react differently from 
another sample taken later on in the growing season. In fact our pre- 
liminary studies point strongly in this direction. 


B. TEMPERATURE. 


The soils used in the investigation were those collected in Ingham 
and Lenawee counties. Twenty grams of the air dry soil were treated 
with ten cubic centimeters of distilled water in a freezing point tube. 
One series was stored in a constant temperature chamber at 25°C. These 
samples were agitated every week to remove gas as before described. The 
second series of tubes were kept in ice water. These samples were also 
aerated occasionally to allow the escape of gaseous material. 

In table 28 are given the freezing point depressions of the Ingham 
county soil solutions and also the soluble salt content in parts per mil- 
lion after periods of ten and thirty days at the respective temperatures. 
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Considering the results at the conclusion of the ten-day period it is 
seen that with the exception of two samples all the soils stored at 25°C 
showed an appreciable increase in the concentration of the solution. Of 
the samples maintained at the low temperature several failed to show 
an appreciable increase in the soluble salt content. It is noteworthy 
that the increases in concentration of the solution of soils kept in ice 
are much smaller than those of the samples maintained at 25°C, 

After thirty days a general tendency for the concentration of the soil 
solution to be less was observed in the samples stored at both tempera- 
tures. There are more exceptions to this in the series maintained at the 
low than at the higher temperature. The samples held at the low tem- 
perature on the whole showed a lower average concentration of the soil 
solution than those placed in the 25°C chamber, but due to the failure 
of a number of the samples maintained at the low temperature to decrease 
in soluble salt content between the ten-day and thirty-day periods, there 
are a number of cases where this is not true. 

The results obtained from studies of the Lenawee county soils at the 
close of the thirty-day period are to be found in table 29. 


TABLE 29.—BEFFECT OF TEMPERATURE on oe RATE OF SOLUBILITY OF VARIOUS 
» LS. 


LENAWEE County SOILS. 


i} 
Original. After 30 days. 
: 25cCz Low 
Description of sample. temperature. 
Depres- | Parts 
sion. per 
million. | Depres- | Parts Depres- | Parts 
sion. per sion. per 

million. million, 
Silt loam, cultivated. SS nae ee O17 AHS yaad Bae eS ie a ot ee aera .014 350 

Silt loam, virgin. eect it ee .016 400 .059 AD ches ee ee 
Silt loam, cultivated’. {20 on O14 350¥ 035 875 .012 300 
Silt loam, virgin.. . Res ae oe .012 3007 058 1 ,450 .013 325 

Medium sand, cultivated . Seer Mie 006 150% .027 67bs | eee. cee ee 
Medium sand, virgin. Ra ee 017 A25¥ 074 1 ,850 019 A475 
Clay loam, cultivated. SS oc! Mo a .023 575% 015 BT Da|taosee re vie eee 
Clay loam, virgin. Sa ape ee | .015 3758 .039 975 .020 500 
Sandy loam, cultivated. Bie Rete ioe .009 225% .034 850 008 200 
Sandy loam, virgin... BYE ETR eetsas .016 400* .056 1 ,400 O27: 675 
Medium sand, cultivated . 5 Sie ERS 007 nL As. Nato eamaere | eer Tee eke .006 150 
Medium sand, virgin. Seep a. = al 006 150} .022 550 021 525 
Silt loam, cultivated. .............. .016 400 .050 132504 | erste cere lis eneionee 
SiltmMloamisvirein ees eee ee eee .021 5259 .055 12350 017 425 


After thirty days with one exception the samples stored at 25°C 
showed considerable increases in soluble salt content over that which they 
contained at the beginning of the experiment, while the difference in the 
freezing point lowerings of the soils maintained at this lower temperature 
did not differ markedly from the originals. 
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THE SOLUBLE CONTENT OF UNCROPPED FIELD SOILS AT DIFFERENT SEASONS 
OF THE YEAR. 


It was pointed out in an earlier part of this paper that temperature 
and moisture content have an appreciable effect on the solubility of the 
soil constituents. In view of this it may be expected that the soluble 
salt content of field soils will vary somewhat with the seasonable varia- 
tions of climate. In order to obtain information concerning the relative 
magnitude of such variations, if they occur, samples were obtained from 
several soil classes at different periods during the growing season. Both 
the virgin soils and soils from adjacent fields were sampled. 

To obviate the effect of plant growth small areas were kept free from 
vegetation and the samples taken from these areas. Owing to a mis- 
understanding the surface quarter inch of soil was removed before sam- 
pling and then sections taken to a depth of six and twelve inches, respec- 
tively. The results thus far obtained are presented in tables 30, 31, 32, 
33, and the diagramatic presentation of the data is set forth in the accom- 
panying graphs. 
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Plate 4.—Freezing point depression of subsoils from previously cropped areas at different periods of the year.. 
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As shown by the data the concentration of the soil solution in the soils 
was found to vary especially in the surface layer. With the exception 
of the virgin sample of Miami silt loam, there was a larger amount 
of soluble material present in the surface soil on June 5rd than there was 
in the early spring. From June 35rd to July 2nd there was more varia- 
tion in the behavior of the soils, the majority showing a decrease in the 
concentration of the soil solution while several showed a further increase. 
During August, September and October the amount of soluble material 
present in practically all the soils was quite small and showed no great 
tendency to vary. This tendency for the soil solution to reach a maxi- 
mum concentration in the early summer, when plant growth is at a maxi- 
mum is extremely interesting. The behavior of the muck soil was rad- 
ically different from that of the mineral soils, especially during the 
latter part of the season, when a decided tendency for the concentration 
of the soil solution to increase still further was manifested. It is inter- 
esting to note that the fluctuations in concentration of the soil solution 
of the soils previously cultivated were much more marked than those from 
the virgin areas. This may possibly be due to the distribution of the 
organic matter to a greater depth thus affording a large zone of action 
to the soil organisms. 

The concentration of the soil solution of the lower layer of the soils 
studied showed no tendency to increase in June and July. In fact in 
several cases a slight decrease was noted. During the remainder of the 
season the variations in the amount of soluble material present were also 
quite small. There seemed a tendency for a slight decrease in concen- 
tration on September 3rd, but the amount of change was almost negli- 
gible. Aside from the lack of variation in the concentration of the soil 
solution in this layer of soil the most interesting point brought out is the 
small amount of soluble material present during the growing season. 
The muck soil again is at variance with the mineral soils, it containing 
much more soluble material and showing somewhat more of a tendency 
for the amount present to vary. 

The results of this study indicate that the changes in concentration 
of the soil solution of soils free of vegetation and untilled are confined 
mainly to the surface layer. These changes are more pronounced during 
the period from March twenty-second until July second, although the 
precipitation data in table 34 should be considered in this connection. 
Moreover, the soils which had been under cultivation a number of years 
showed a greater activity in this respect than the corresponding virgin 
soils. These studies together with additional ones are being continued, 
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TABLE 34.—RAINFALL AT EAST LANSING. 


March. April. May. June. | July. August. | Sept. Oct. 
xe" = eS eel : Se Ease = y 
| 
1 (@) “OSs ) 0 0 0 (0) 10 
2. 0 22 0 0 04 O T 04 
oe 0 04 Ar O 0 » O O 18) 
4. -ik O 0 10) 0 OA 1.42 0 
5. O O 21 T Tt 0) 0 0.0L 
6. T .02 piles alles} 0 0 0 T 
he 0 .0O2 22 O O O .25 O 
Sa O iT 0 O 0 04 0 0.05 
9. 66 O 20 OL O Tt O 0.15 
10. .O1 0 iG; .03° si: O 0 O 
Wis: 0) 02>] 0 0 .28 2167" .39 0.06 
1A O O .93 O 10) T .26 0.01 
1G ie 1.49 10) 7 Toe O 0 0 0 
14.. .64 O O Zo 1) 0 04 0 
5s. T 10) io) 0) ae O .10 0 
Gps 10) 05 O I .06 03 0.18 0) 
WBA O 54 T O 0 0 0 O 
Sr O 04 QO, 0) 0 O 0.03 O 
19.. 0 Oba] 04 i) 0 0) 0.01 0.35 
20% O 02 O1 0) O 0 0.02 OFS3 
Zins. - 16 0 17 0 11 7 O 
PP hc: oO | O4 us O ae O Oe] 0 
OR yer Oi... O08 0) (0) T 25 0 0.44 
24.. O O 08 O1 10) O 0.05 0.69 
Zon O O 41 02 40 O 0.212 0.04 
26.52 T 11 08 (8) 1.36 0 O T 
Mf O O1 205 32 7 0 O 0.84 
28 i) 27 02 02 i) 42 () T 
29 O 06 08 | O O1 0 0.01 - 
30 O 20 [OG 113 O T O 0) 
31 67 Tl; Saseaucoine O .39 a et 0.10 
MrOGalie east 3.58 1.97 2.89 2.07 1.96 | 1.44 2.88 3.21 
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CONCLUSION. 


The translocation of salts in the soil is due mainly to water movements. 
When large quantities of salt are present there is a movement to areas of 
lower concentration even when water movements are prevented. Higher 
water contents of the soil aid this movement. 

Since the soluble salt content of field soils is relatively low according 
to the data presented, it is probable that plants are supplied with food 
elements by diffusion from local areas around the roots only. 

The accumulation of soluble salts on the surface of uncropped areas 
indicate that when water movements occur in the soil salts are carried 
along with it. That these movements do not take place to any great 
depth is evidenced by the results of various investigations showing but 
little movement of water from the subsoil to the feeding zone of the 
roots. It seems improbable that any great quantity of soluble material is 
supphed to the plants from depths below those of root penetration. 

The quantity of soluble salts in greenhouse soils may become too great 
for proper plant development. Moreover, plant growth may be inhibited 
in muck soils by the accumulation of soluble substances in the upper 
layers. 

The data presented show that plants may materially reduce the soluble 
salt content of the soil. 

As a result of laboratory studies it appears that the constituents 
of soil which have been cropped for a long period of years go into solution 
at a somewhat slower rate than do those of the corresponding virgin soils. 
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The rate of solution of the soils studied is governed to some extent by 
temperature it being more rapid at 25°€ than at temperatures approach- 
ing 0°C. Moreover, the moisture content has a marked influence on 
the rate of solubility of the soil constituents. It is probable that bio- 
logical activities play an important role in these phenomena. 

Usually the concentration of the soU solutions, at all water contents, 
of the soils tested, were lower at the end of thirty days than after ten 
days, that it under laboratory conditions. This may be due to reab- 
sorption of the soluble material by the soil. to the utilization of the salts 
by organization and to the formation of less soluble compounds. 

The concentration of the soil solution in the soil is. variable. In several 
soils studied it varied somewhat with the seasons, rainfall, different 
depths of the soil and with plant growth. 

It is probable that the variations in the concentration of the soil solu- 
tion, in some instances at least, have nat heen sufficiently considered in 
biological studies where conclusions have been drawn based upen the 
results obtained from studies of the water extracts of soils. Moreover, 
it does not seem possible to determine the fertilizer needs of soils by ob- 
taining water extracts and growing plants therein. 

The seasonable variation in the soluble salt content of soils doubtless 
plays an important role in the results ohtained from the use of fertilizers. 
Additional information concerning the solble salt content of soils will 
be presented later. 


RATE AND EXTENT OF SOLUBILITY OF SOILS UNDER DIFFER- 
ENT TREATMENTS AND CONDITIONS 


Technical Bulletin No. 44. 


BY GEORGE J. BOUYOUCOS. 


INTRODUCTION. 


A study of the rate and extent of solubility of soils is obviously of 
the greatest fundamental importance both from the practical as well 
as the theoretical standpoint. In this study are involved the important 
questions (1) of the velocity and amount of soil material going inte 
solution; (2) to what extent the solubility of soils follows the recognized 
laws of solution such as the mass law, solubility law, ete., (8) if the 
solubility of soils attains equilibrium and the soil solution becomes 
saturated and remains constant; (4) the difference in rate and extent 
of solubility of soils under different treatments and state of fertility, ete. 

From the answers to these questions it can then be ascertained (1) 
the rate at which the soils are able to give up material to the solution 
for the use of the plants; (2) the rate and amount of material that is 
likely to be lost through leaching; (3) the velocity at which soils are able 
to recuperate after a thorough leaching or exhaustion by the growth of 
plants, ete. All this information is of course of the greatest importance 
in the study of the fertility of soils. 

Although a tremendous amount of work has been done on the quantity 
of soluble salts in soils, very little work has been performed on the rate 
and extent of solubility of soils. Indeed, there appears to be on record 
no extensive, thorough and purposeful investigation upon the problem 
except a few incidental experiments or indirect observations. — 

As a result of this insufficient investigation our present knowledge of 
the subject is very limited, conflicting and confusing. 

With the hopes of contributing, if possible, a definite and true solution 
of the problem an investigation of it was undertaken. In this investiga- 
tion a new method was applied, namely, the freezing point method. 
This method appeared and has proved to be very ideal for the purpose. 
The problem received a thorough study and it is the object of this bulletin 
to present the results obtained. 

The investigation was begun in June, 1917. In February, LOTS Or 
nine months later, there appeared in the Journal of Agricultural Re- 
search an article by D. R. Hoagland entitled “The Freezing Point Method 
as an Index of Variation in the Soil Solution -Due to Season and Crop 
Growth.” In this article Hoagland presents one or two experiments 
which were already independently done by the writers. It will be of 
interest to state that the results of these respective experiments lead all of 
us to draw identical conclusions, 
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The general subje ct of solubility of soils under different conditions 
and treatments is being investigated at this laboratory from all different 
angles. McCool and ‘Millar are making a very detailed and compre- 
hensive study on the salt content and solubility of virgin and cropped 
soils, using the freezing point method as a means, and in addition the 
carbon dioxide produced is also being determined, while Spurway is 
making a chemical analysis of the material that goes into solution in 
treated and untreated soils upon long standing in contact with water. 


METHODS OF PROCEDURE. 


The rate and extent of solubility of soils were measured (1) in natural 
or untreated soils, (2) in soils treated with salts and acids, and (3) in 
treated and untreated soils at various moisture contents and at different 
degrees of temperature. 

In order to secure a proper and accurate measurement of the rate 
and extent of solubility the soils, both treated and untreated, were 
washed until they had a freezing point depression very close to that 
of distilled water. The advantage and necessity of this procedure are 
obvious. If the soils were not washed their solution might already be 
in equilibrium or saturated and consequently no definite and reliable data 
could be obtained on their rate and extent of solubility. 

The natural soils were washed by placing a certain amount of soil, 
either air-dried or fresh, upon a filter paper in a funnel and washed 
by the bleaching process until practically all their free-soluble salts were 
washed away as indicated by the freezing point depression. The wash- 
ing was usually continued until the depression of the soil was reduced 
to “about 005°C, which is equivalent to about 125 parts of solid matter 
per million parts of liquid. The amount of water that was necessary 
to pass through the soil to reduce its salt content to the above amount 
varied with the soil but it usually ranged from 400 to 800 c.c. 

In the case of the treated soils about 50 grams of soil were mixed with 
150 ¢.e. of N/10 salt solution or acid, and the mixture allowed to stand 
for about 24 hours, with occasional shaking. It was then poured on 
the filter paper in the funnel and the soil washed until its freezing point 
depression was reduced to the desired point. ; 

After the soils were washed two procedures were usually followed: 
In the one procedure a small amount of the washed soil was placed in a 
glass freezing point tube and enough water was added to it to bring it 
up to a medium thin mud or to a ratio of 1 of soil to .7 of water. The 
soil was allowed to remain in the tube, care being taken to prevent Joss 
of water by keeping the tube stoppered, and the freezing point depression 
of the soil was determined immediately and often thereafter as it was 
deemed necessary. Usually the determination was made every day the 
first four or five days and quite often thereafter. Many of the experi- 
ments were allowed to continue for four months. 

In the second procedure, the remaining washed soil was allowed to 
lose moisture on the filter paper undisturbed until it reached the optimum 
moisture content and then it was placed in a glass tumbler, mixed thor- 
oughly, weighed, and from time to time water was added to it to main- 
tain its moisture at the optimum content. At the end of 10, 30 and 60 
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days a sample was taken from the soil, air-dried, and its freezing point 
depression determined by using 15 grams of air dry soil with 10 c.c. of 
water. : 

In the first procedure it was desired to ascertain the rate and extent 
of solubility of soils at a rather high moisture content or when there was 
plenty of free water present, so that when the soil had thoroughly set- 
tled in the tube there would be a thin layer of free water at the top of 
the soil column. 

In the second procedure it was desired to attain the same object when 
the moisture content was maintained at the optimum content and thus 
under more practical conditions. 

In a limited number of experiments a third procedure was also followed. 
In order to study more extensively the effect of the mass law or the 
relative masses of soil and water upon the solubility of soils 5 grams of 
soil were placed in the freezing tube and washed several times by de- 
eantation. Then to this washed soil was added about 25 c.c. of dis- 
tilled water so that the ratio of soil to water was about 1 to 5. The 
rate and extent of solubility of soils at this high water content were 
measured in the same manner as in the other studies. 

The rate and extent of solubility of soils at these various moisture 
contents were measured at different temperatures. On the whole, only 
three sets of temperatures were employed (1) below freezing, 20° (room 
temperature) and 53°C. The results at below freezing were obtained 
outdoors during the winter months, and those at 55°C in a constant 
temperature oven. 

The soils at the optimum moisture content were kept mostly outdoors. 
In fact, an attempt was made to simulate as much as possible the prac- 
tical or field conditions. ; 

The tubes containing the soils at the high moisture contents were kept 
stoppered, but in order to avoid the accumulation of any gases and 
especially carbon dioxide, they were opened very often and the soils 
were stirred and thoroughly aerated. 

The freezing point apparatus employed was practically the same as that 
used in former investigations and described in previous publications.' 
It consisted briefly of two parts, a bath and a Beckmann thermometer. 
The bath was composed of two earthen-ware jars placed one inside the 
other and well insulated. Its temperature was maintained at about -2° 
by means of crushed ice and common salt. 

The freezing point lowering was determined by placing the tube con- 
taining the soil directly into the cooling mixture and stirred the soil 
constantly by means of the Beckmann thermometer until the temperature 
fell to about 1° above the zero point of the thermometer. Then the soil 
was allowed to remain undisturbed until its temperature fell to about 
0.5° below the zero point of the thermometer when the soil was again 
stirred by means of the thermometer in order to cause solidification to 
take place. As soon as solidification commenced the tube was at once 
taken out of the cooling mixture and placed in the air jacket in the same 
bath. The soil was gently stirred, the thermometer tapped and the: 
freezing point read by means of a lens. By this procedure it took only 
about ten minutes to make a freezing point determination. 


(1) Mich. Agri. Expt. Sta. Fed. Bul. 31, 1916. 
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EXPERIMENTAL WORK. 


Rate and Extent of Solubility of Soils Treated with Single Salt Solu- 
tions and then Washed until all their Free Soluble Salts were Elimi- 
nated. Ratio of Soil to Water was 1 to .7 and Mixture Maintained at 
Room Temperature. 

From the logical standpoint the investigation on the solubility of 
natural or untreated soils ought to be considered first, but because of 
the fact that the investigation on the solubility of treated soils presents 
many more fundamental and general principles and offers a better basis 
for general understanding and explaining, it is considered first. 

The first study of the solubility of treated soils consisted of measuring 
the rate and extent of solubility of various soils treated with single salt 
solutions of tenth normal strength and then washed until all their free 
soluble salts were eliminated and the washed soils had a freezing point 
depression almost the same as that of the untreated soils, and very close 
to that of the distilled water. As a rule the depression was about .010°C 
or 250 parts per million of solution. In some cases this depression was a 
little higher. As previously stated the treatment consisted of mixing - 
about 50 grams of soil with 150 ¢.c. of solution allowing the mixture to 
stand about 24 hours, with occasional shaking and then washing the soil 
by the process of leaching. Some of the washed soil was then placed in 
the freezing point tube, water being added to it to bring it up to the 

vater content of about 1 of soil to .7 of water, in the case of the heavy 
types of soils, and to about 1 to .5 in the case of the light type of soils, 
and the freezing point depression determined immediately, once every 
day during the first four or five days and quite often thereafter, mean- 
while the soil being kept at room temperature which average about 20°C. 

There were seven different soils employed in this study, one clay, two 
clay loams, two silt loams, one sandy loam, and one sand. Pach one 
of these soils was treated with ten different salt solutions, namely, 
Ca(NO;3)5, NaNO; KNO.. KCle KeS0,..((NHD).SO;." MesS0;,. KE. POx 
CaH,(PO,), and NaO,H,0,. For each treated soil there was always 
an untreated soil run for a check. In all of the salt solutions the strength 
was tenth normal. 

The results obtained in this study are presented in tables 1 to 7 in- 
clusive. They show the rate and extent of solubility of these treated 
soils as measured by the freezing point method. For clearness and as 
an aid to better understanding typical examples of these results are 
diagramatically represented in figures 1 to 5 inclusive. In these fig- 
ures some irregularities are noted. These irregularities are due to slight 
errors in the determination and to the different changes that are taking 
place in the soil’ They are, however, very insignificant in magnitude 
and of no consequent importance, 
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TABLE 1-—RATE AND EXTENT OF SOLUBILITY OF WISCONSIN SUPERIOR CLAY 
TREATED WITH SALTS AND THEN WASHED UNTIL ALL FREE SOLUBLE SALTS 
WERE ELIMINATED. RATIO OF SOIL TO WATER WAS ABOUT 1 TO .70 AND MIX- 
TURE MAINTAINED AT ROOM TEMPERATURE. FIGURES REPRESENT FREEZING 
POINT DEPRESSION. 


Treatment. Days. 0 1 2 5 13 29 51 82 
c° ce Coat, (CLS Ce ce Cc C° 
GACNOs) ornare sn Bother weaken 010 | .016 | .018 | .020 | .024 | .025 | .027 030 
INSIN Os ate ey fete fac soe bebens eters rh Set Ue os ree 017 | .020 | .025 ; .042 | .052 | .071 | .072 072 
ISIN Chater ete a sat, fa ee cence Mc te taal mcs st ae 014 | .018 | .020 | .030 | .035 | .045 | .049 052 
TS CRE recites te Siesta ee os Be AA Te 017 | .025 | .032 | .035 | .040 | .044 | .050| .050 
CSO) Che Aa teat leach obreicicartcl sca eee Seite Cae ae 012 | .027 | .030 | .032 | .040 | .045 | .045 045, 
NIE) os Oatrn ee oree scee trh es Pe Mes nee ort os peepee 016 | .040 | .048 | .053 | .060 | .085 | .083 074 
IMEC Orne asset ee ne Re tee Nhs ok tng re is Pee 010 | .017 | .019 | .021 | .025 | .030 | .031 035 
CaHiUR Oi asc se hes Son ei ee ee ee ee 010 | .018 | .020 | .024 | .028 | .080 | .080 | .035 
1:83 61210) tine tere en a Ae OPE tee SRN SSR ee 011 ; .019 | .020 | .025 | .030 | .030 | .035 037 
IN a CSE Oa ience Ste men se See aaa REE PE ER A 022 | .037 | .042 | .050 | .062 | .082 | .093 090 
Checkers a eerie ge cates etnies Bae oe 002 | .005 | .010 | .015 | .017 | -020 | .022 023 


TABLE 2.—RATE AND EXTENT OF SOLUBILITY OF A CLAY LOAM TREATED WITH 
SALTS AND THEN WASHED UNTIL ALL THE FREE SOLUBLE SALTS WERE ELIM- 
INATED. RATIO OF SOIL TO WATER WAS ABOUT 1 TO .70 AND MIXTURE MAIN- 
TAINED AT ROOM TEMPERATURE. FIGURES REPRESENT FREEZING POINT 
DEPRESSION. 


Treatment. Days. 1 1 2 4 7 10 14 21 29 36 49 72 102 

c° Cc C° Ce Cc (0 ¢e Ge Ce ce c° Cc (Oi 
CaENOs)zen snes se 006 | .008 | .010 | .016 | .020 | .024 | .031 | .080 | ..0380 | .031 | .031 | .0382 | .035 
INANOsa irc ce ate 010 | .022 | .0380 | .0389 | .050 | .063 063 | .075 | .088 | .088 | .090 | .090 092 
FEN Osta srp rece teter es ace ot 006 | .010 | .014 | .019 | .030 | .084 | .035 | .042 | .052 | .052 | .053 | .053 055 
CR ea one execs fa ohne bola ate .006 | .010 | .014 | .019 | .030 | .038 | .040 | .052 | .055 | .058 | .062 | .073 075 
KeS Ose 8. Ses: 23 Bei See as .010 | .012 | .015 | .020 | .030 | .034 | .042 | .052 | .062 | .062 | .061 | .063 066 
(NHa)es Oise ce tee .015 | .042 | .049 | .050 | .054 | .060 | .065 | .075 | .089 | .081 | .085 | .086 075 
MpSOiseey soe een: eto .006 | .012 | .013 | .014 | .020 | .023 | .031 | .042 | .058 | .058 | .062 | .068 070 
CaHa(POa)asr Gar ote ean -010 | .015 | .015 | .016 | .024 | .025 | .027 | .028 | .026 | .027 | .028 | .027 026 
KGHSP Oat chin. rc tite .009 | .017 | .016 | .018 ; .025 | .026 | .028 | .085 | .045 | .043 | .050 | .050] .051 
NaCeHs02.................| -009 | .014 | .018 | .026 | .030 | .047 | .052 | .067 | .073 | .084 .092 | .103 110 
Chechen iting secs rosters .010 | .016 | .018 | .020 | .025 | .029 | .032 | 038 .037 | .041 ] .040 | .038 | - 040 
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TABLE 3.—RATE AND EXTENT OF 
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SOLUBILITY OF 


A CLAY 


687 


LOAM TREATED WITH 
SALTS AND THEN WASHED UNTIL ALL THE FREE SOLUBLE SALTS WERE ELIM- 
INATED. RATIO OF SOIL TO WATER WAS ABOUT 1 TO .70 AND MIXTURE MAIN- 


TAINED AT ROOM TEMPERATURE. FIGURES REPRESENT FREEZING POINT 
DEPRESSION. 

Treatment. Days. 0 2 4 8 12 19 26 34 47 70 100 
Ae c° ¢ ce C2 ce ce c° c° Ce c° c° 
WaGQNOS)oicctena ccc camine atu ote saute sale (005) |? 3006 |e OLE 1 0104) 2 O18 41-0184) -.02011 2.0205) 702243022: ) 1022 
Na NOs site os aeons .O11 | .011 | .017 | .022'| .027 | .043 | .043 | .058 | .059 | .067 075 
BIN O8t teh ives eee ieee teat here (2005) |v O0Gr O18! 020s O20.) 2033-5. 08a! 2088) |6-088"|— 2047 050 
154 ©) [Eee eens Se eee ates oe reine re eee .008 | .009 | .019 | .021 | .022 | .031 | .034 | .039 | .088 | .040 | .041 
Rees Ogee Pict ten. ot age nie ie nie eta Ms .010 | .016 | .021 | .022 | .024 | .031 | .035 | .039 | .039 | 050} .052 
(NH4)2SOs.........- -021 | .046 | .045 | .046 | .046 | .051 | .053 | .053 | .053 | .051 040 
Mas Ose et enrsiscts bares Sapa tare ent es .005 | .006 | .010 | .011 | .010 | .016 | .023 | .028 | .028 | .029 | .030 
CaHa(POs)as.. 2 cree. eee wees oe eee! 2007 98.007. 122015.) 005i); .015.5)2-015"1. 016) ".015; | 016" | < 015 O15 
TGHoR Onsen eters fails. eee Ole O12: |e Oba Old al Olod e015 tet Ole O15.) 20161015 O15 
NaCe2HsQe........... -012 | .016 | .030 | .031 | .032 | .045 | .053 | .058 | .063 | .070] .080 
Checks: a. seh ad ethos is .003 | .006 | 010 | .011 | .011 | .013 | .018 | .028 | .028 | .028 032 


TABLE 4.—RATE AND EXTENT OF SOLUBILITY OF A DARK BROWN SILT LOAM 


TREATED WITH SALT AND THEN WASHED UNTIL 


ALL FREE SOLUBLE SALTS 


WERE ELIMINATED. RATIO OF SOIL TO WATER WAS ABOUT 1 TO .70 AND MIX- 
TURE MAINTAINED AT ROOM TEMPERATURE. FIGURES REPRESENT FREEZING 
POINT DEPRESSION. 


Treatment. Days. 


0 1 3 5 9 12 17 20 26 38 51 69 

Ce Cc ce (Oe c° ce (Ore c° (Oy (2 c° Cc? 
Ca(NOz)patae.7, esta 006 | .007 | .013 | .017 | .027 | .030 | .037 | .036 | .044 | .060 | .062 | .060 
IN@IN Ose ert St, taren Se 010 | .015 | .026 | .036 | .047 | .052 | .055 | .056 | .074 | .080 | .087 | .088 
GN O22ey sk eetatinas ts aoe .010 | .012 | .023 | .031 | .047 | .047 | .050 | .051 | .056 | .070 | .074 | .085 
KO eo. asa .010 | .013 | .022 | .031 | .042 | .045 | .043 | .053 | .056 | .070 | .074 | .080 
K2S04..... .010 | .012 | .023 | .031 | .044 | .047 | .050 | .055 | .065 | .080 | .084 | .095 
(NH4)2S04. ... .020 | .030 | .043 | .042 | .049 | .051 | .050 | .056 | .066 | .080 | .089 | .088 
MeS Osi accra athe ck 008 | .010 ; .013 | .022 | .030 | .040 | .038 | .046 |. .051 | .060 | .064 | .065 
CaHa(POu)e...............]..010 | .010 | .015 | .022.| .027 | .035 | -.087 | .038 | .046 | .050 |} .052 | .052 
GSP Oa as car forerorncannes evel -010 | .018 | .020 | .027 | .030 | .038 | .041 | .045 | .048 | .053 | .055 | .057 
NaCoHs02.................| .010 | .018 | .030 | -.034 | .052 |..060 | .067 | .072 | .076 | .090 | .094 | .110 
Checktans ecseat ee! .005 | .008 | .073 | .015 | .027 | .032 | .037 | .036 | .044 | .046 | .048 | .050 


120 
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TABLE 5.—RATE AND EXTENT OF 


SOLUBILITY 


OF 


A DARK 


689 


BROWN SILT LOAM 


TREATED WITH SALTS AND THEN WASHED UNTIL ALL THE FREE SOLUBLE SALTS 
WERE ELIMINATED. RATIO OF SOIL TO WATER WAS ABOUT 1 TO .70 AND MIX- 
FIGURES REPRESENT FREEZING 


TURE MAINTAINED AT ROOM TEMPERATURE. 


POINT DEPRESSION. 


Treatment. Days 0 1 4 8 11 15 19 25 36 53 68 119 
a = e c° ce c° c° c° c° (Oe c° C2 Ce CP c° 
GaN Os) oes meeroaiare ote salslessipreiensline 005 | .006 | .012 | .023 | .026 | .034 | .039 | .040 | .046 | .050 | .054 | .055 
IND Osbec excteh eretars cote osiarere 2 sjosr 005 | .016 | .032 | .053 | .055 | .072 | .077 | :082 | .084 | .107 | .108| .110 
TON Ogee cree ee araierafsteiealniere soar .005 | .016 | .031 | .040 | .045 | .059 | .059 | .058 | .076 | .090 | .086 | .091 
IO ae a eaniion kad oanonbo aa aar .005 | .011 | .029 | .034 | .045 | .059 | .064 | .065 | .068 | .072 | .078 . 080 
ICRON pen amouecaurc icp aneceoroe 005 | .014 | .032 | .043 | .050 | .064 | .065 | .065 | .076 | .084 | .089 | .090 
GNA) 2S Otiees eens .ctemianiste etn l 010 | .024 | .044 | .053 | .055 | .056 | .058 | .055 | .065 | .067 | .069 | .060 
WES) He sia lickin bbaa ee spaces. 005 | .006 | .015 | .028 | .035 | .038 | .039 | .043 | .057 | .062 | .052 | .060 
Calla(ROs) ante aria re oats sissy 005 | .006 | .016 | .023 | .030 | .032 | .031 | .038 | .046 | .047 | .048 | .044 
WKH a Paseo ceirocrncicysate stop eke 005 | .006 | .018 | .033 | .036 | .042 | .043 | .046 | .056 | .052 | .060 | .067 
NaGsHsO28csacea ta. uscrane aes 005 | .014 | .032 | .053 | .060 | .082 | .081 ; .081 | .095 | .100} .110 | .110 
(ONG esis pe aie ban nb Hoan eecorDNS .005 | .006 | .012 | .023 | .027 | .031 | .038 | .039 | .041 | .043 | .046 oe 


TABLE 6.—RATE AND EXTENT OF SOLUBILITY OF A FINE SANDY LOAM TREATED 
WITH SALTS AND THEN WASHED UNTIL ALL THE FREE SOLUBLE SALTS WERE 
ELIMINATED. RATIO OF SOIL TO WATER WAS ABOUT 1 TO .70 AND MIXTURE 
MAINTAINED AT ROOM TEMPERATURE. FIGURES REPRESENT FREEZING POINT 


DEPRESSION. 

Treatment. Days. 0 1 3 6 9 13 21 31 45 62 114 

ce c° ce ce c° ce c° c° Cz c° Ce 
(CYANO ato does tenure occ cOnmt Nods god 005 | .007 | .010 | .016 | .020 | .024 | .037 | .039 | .045 | .048 | .050 
ISFIN (Oke o-AOaan aS aoern ocipagnondon dbaoben 005 | .015 | .018 | .036 | .040,| .051 | .072 | .077 | .082 | .098 | .101 
NOS 8 op eter tos Syn cpetscelarsielats olojeye clove ieia res es 005 | .012 | .015 | .026 | .035 | .042 | .060} .072 | .080 | .085 | .085 
IO Ee cob ano Ne GORE Rinne ee aeRO 005 | .012 | .017 | .028 | .038 | .043 | .061 | .066 | .070 | .073 | .068 
eS Ogres niet tIste cocks Nope tome tersrcreeeke tye .005 | .014 | .017 | .027 | .040 | .044 | .063 | .068 | .072 | .083 | .078 
CNEQRS OU era tnete cian cto suislomesciiccctmr .009 | .025 | .030 | .040 | .040 | .050 | .062 | .066 | .062 | .062 | .055 
Migs Omtrsbr cic staatcce aad Ae Be 004 | .906 | .010 | .014 | .020 | .025 | .042 | .048 | .051 | .062 | .075 
(OPI SIYGE ON) ye ee ee eek NaNO eR SRenA nae 004 | .006 | .008 | .010 | .017 | .022 | .030 | .034 | .038 | .042 | .040 
GES POE F grate ooieyots[ansVrere  -ewite Sala eres 004 | .007 | .017 | .017 | .026 | .033 | .042 | .049 | .052 | .060 | .058 
IN ACs Els Opies caste ater storatetenetere araiaisien site axe enatey 005 | .014 | .025 | .030 | .045 | .052 | .069 | .079 | .080 | .093 | .092 
(OMT eee Oe SSB CARSEUDOOR SR COBCH OGL OA08 005 | .006 | .008 | .015 | .024 | .032 | 0.34 | .035 | .037 | .040 |) .040 
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TABLE 7.—RATE AND EXTENT OF SOLUBILITY OF SAND TREATED WITH SALTS 
AND THEN WASHED UNTIL ALL FREE SOLUBLE SALTS WERE ELIMINATED. RATIO 
OF SOIL TO WATER WAS ABOUT 1 TO .7 AND MIXTURE MAINTAINED AT ROOM 
TEMPERATURE. FIGURES REPRESENT FREEZING POINT DEPRESSION. 


Treatment. Days. Oe aed 2 | om pel 20 | 50 | 80 

@ovace ce RULE Ce Ce | oe 
Ca(NOs)z.. . . me yrs | 004 | .004 | .004 | .005 | .006 | .008 | .008 | 009 
NaNOs....... Eat Seeeer fe : ae ..| .003 ; .005 | .005 | .005 | .007 | .009 | .008 | .009 
KIN Osetacrns = hes ene . 004 | .004 | .005 | .006 | .006 | .008 | .008 | .008 
KG Rena tiene secs 003 | .003 | .005 | .005 | .006 | .007 | .007 | .008 
K2S0s.. . : ...| .004 | .004 | .004 | .004 | .005 | .006 | .008 | .007 
(NH4)2S0s : C03 | .004 | .004 | .005 | .004 | .006 | .007 | .007 
MgS0Ou........ # Stee aro He fe _.| 004 | .004 | .005 | .004 | .005 | .005 | .006 | .008 
CaHa(POs)2........ eee 003 | .003 | .003 | .004 | .005 | .005 | .006 | .006 
KHOR Ose Sele vate eer May create ade feeteranr eae 003 | .003 | .003 | .003 | .005 | .005 | 005 005 
NaCzHs02.... . : Se Pte an, / .003 | .005 | .005 | .006 | .006 | .007 | .008 | .008 
Checles- Ar tee oreae se ccites Rts eeu Saeed eee ..| .003 | .093 | .004 | .005 | .005 | .006 | .005 | .006 


The above data reveal many exceedingly interesting and very im- 
portant and fundamental facts regarding the rate and extent of solu- 
bility of soils treated with various single salts and then washed, until 
ali their free soluble salts were eliminated. In the first place it is imme- 
diately seen that the rate of solubility of all the soils with all the various 
single salts is very slow or that equilibrium is not attained very rapidly. 
The amount of material going into solution each day is slight and the 
process continues for a long time, even 120 days in some cases, but as < 
rule it tends to attain an apparent constancy at the end of about 60 
days. The rate of solubility is not directly proportional to the time ele- 
ment, but tends to increase, on the whole, rather slowly and gradually 
with the time element, up to about 40 or 60 days, and then becomes more 
or less stationary or progresses very slightly thereafter. During the 
first four or five days the velocity of solubility appears to be slightly 
greater than at the succeeding days but the difference is very small 
except in a few cases. With the exception of the (NH,).SO, treatments, 
the amount of material going into solution at the very beginning of the 
experiment does not exceed 200 parts per million of solution or .008°C 
depression, per day. The soils treated with (NH,).SO, show the great- 
est velocity of solubility followed by NaNO., NaC,H.O,, KNO., KCl, 
K,SO:, MgSO,, Ca(NO.),, KH,PO, and CaH,(PO,),. The order of the 
last nine salts is not always exactly the same, but there is a general 
tendency towards that order. The interesting fact to be noted is that 
the rate of solubility of nearly all the soils treated with Ca(NO.,),, 
KH,PO,, and CaH,(PO,), is about the same as that of the untreated 
soils or checks. These three salts, therefore, and especially the CaH,- 
(PO,), did not increase the rate of solubility of soils as did the other 
salts. The greater velocity of solubility of the soils treated with the 
(NH,).SO, is only of short duration. 
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In the second place the preceding experimental data show that the 
extent of solubility is very considerable in all the salt treatments and 
in all of the soils, with few exceptions. All the soils, except sand, 
treated with NaNO, KNO., KCl. K,SO,, (NH,).80,, MgS0O,, and 
NaC,H,0, yielded quite a large amount of material to solution by the 
end of the experiment. Thus, the depression of many of these salts rose 
from about .005° to about .110°C or from 125 to 2750 parts per million. 
The only salt treatments which did not cause a large solubility product 
were the Ca(NO.),, KH,PO,, and CaH,(PO,),. The depression in some 
of these salt treatments rose only from about .00T° to 015C or from 175 
to 375 parts per million of solution. Considering the solubility products 
of each salt treatment and taking the check for basis of comparison it is 
evident that the amount of material that goes into solution varies con- 
siderably between the various salt treatments within any one soil, except 
sand. Asa rule NaNO,, and NaCsH,O, treatments yielded the greatest 
solubility product, the Ca(NO,)., KH.PO, and CaH,(PO,), the smallest 
and the KNO,, KCL, K,SO,, (NH,).SO, and MgSO, an intermediate. 
In many soils the CaH,(PO,), and in a few soils the Ca(NO,), and 
KH.PO, treatments did not only give the smallest concentrations but 
even a smaller concentration than the check. Evidently these salt treat- 
ments tended to have an indifferent or depressing effect upon the solu- 
bility of soils. Besides there being a difference in the extent of solu- 
bility between the various salt treatments within the same soil there 
is also a difference in the extent of solubility between the various soils 
treated with the same salt. Between the clays, clay loams, silt loams and 
sandy loams, this difference is not very marked, but between these 
classes of soil and sand the difference is very great. Indeed, the extent 
of solubility of sand treated with the various salts is practically negligi- 
ble. Thus, the depression rises only from 003° to .010°C as compared 
to the depression of from .005° to .110° in some of the other soils. The 
salt treatments of sand therefore, had practically no effect upon its 
solubility. 

The study on the rate and extent of solubility of soils treated with 
salts and then washed until all their free soluble salts were eliminated 
seems to prove quite conclusively the two general facts, (1) the rate of 
solubility of the treated soils is comparatively very slow and gradual 
and the process continues for a long time, but usually about 60 days, 
and (2) the extent of solubility of these same soils is very considerable, 
with few exceptions. 

Now it would be highly interesting and very important to know what 
the chemical composition is of the material that goes into solution in 
the different soils treated with the various salt solution. Unfortunately 
the freezing point method does not itself yield any information upon 
this point and consequently no definite statements can be made on it. 
It may be stated, however, that this problem is now being investigated 
by Spurway in this laboratory and he finds that the substances which 
go into solution consist principally of the base radical of the salt added, 
of aluminum, iron, calcium, magnesium, potassium, phosphorus, and 
organic matter. The amount of the base radical of the salt added 
always predominates, but the amount and presence of other constitu- 
ents varies with the soil and salt added. 
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In treating the soils with salts there were-many objects in view. 
Besides measuring the rate and extent of solubility of the treated soils 
it was desired to study at least three other subjects, namely, (1) residual 
effect of salt or fertilizer treatment upon the rate and extent of solu- 
bility of soils; (2) the possibility of employing the solubility factor as a 
criterion for the state of fertility of soils, and thereby distinguishing 
between good and poor soils, and (3) the character of the reaction be- 
tween soils and salts, i. e., whether it is chemical or physical. 

As to the first subject the experimental results presented show that 
with the exception of Ca(NO,),, KH,PO,, and CaH,(PO,), all the other 
salts, which. include NaNO, KNO,, KCl, K.SO,, (NH,),.SO,, MgS0O,, 
and NaC,H.0.,, leave a residual effect upon the soils which is mani- 
fested by the long and rather large amount of material going into solu- 
tion in all the soils, except in sand. This residual effect goes to prove 
that when a soil is treated with a soluble salt a certain combination 
takes place between the soil and the salt or its ions, that upon wash- 
ing, this salt or its ion is not carried away and that in this combina- 
tion the solubility of the soil is changed. These experimental facts 
confirm the validity of the various practical observations that when a 
soil is treated with soluble fertilizers the fertilizer is not all washed 
away but leaves a residual effect which persists for a long time, as mani- 
fested by the continued increased growth of crops. Witness, for in- 
stance, the residual effects of the various fertilizers at the Rothamsted 
Experiment Station. 

Because the salt treatments of Ca(NO.)., KH,PO, and CaH,(PO,). 
did not cause an increase in solubility of soils, it cannot be concluded 
that these salts did not leave a residual effect upon the soils. These 
salts did also leave a residual effect upon the soils, but their residual 
effect apparently is not shown in the solubility of the soils, but it is 
in the crop production. 

As to the second subject, the experimental data also show that the 
solubility factor may be taken as a criterion for the state of fertility 
of a soil, and consequently for distinguishing between a rich and a poor 
soil. As will be seen, the results show that with the exception of the 
salt treatments of Ca(NO,),, KH,PO,, and CaH,(PO,), all the other 
salt treatments caused a considerable increase in the solubility product 
over the check. In many cases the increase is over .070°C freezing point 
depression or 4750 parts per million of solution. From these marked 
increases in the solubility product over the check it would be logically 
inferred that a heavily fertilized or very rich soil gives more material 
to solution than an unfertilized or poor soil. 

The last inference or conclusion, however, cannot be rigidly adhered 
to. On account of the exceptions already mentioned and a few others 
to be mentioned later on, it cannot be claimed that the solubility factor 
is an absolute and reliable criterion of the fertility of a soil. As a 
matter of fact it is not only the amount of material that goes readily 
into solution which makes a soil fertile, but also the kind of material 
that goes into solution. As it is now understood the soil solution must 
be properly balanced in the various food elements used by the plant, in 
order that a soil may be really called a fertile soil. If the material that 
goes into solution does not form a properly balanced plant food medium, 
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even though the total quantity is very large, the soil cannot be rightly 
designated a fertile soil. According to the law of minimum, if one 
plant food elements is lacking either totally or partially and all the 
other plant food elements are present in abundance, the lacking element 
becomes the limiting factor, the plant growth is affected and consequently 
the soil is rightly designated an infertile soil. Again, the phosphates not 
only do not go into solution in any large amounts or increase the solu- 
bility of soils as the other single salts, but they appear to have a depress- 
ing effect upon the solubility of soils. As has already been seen, in 
none of the soils treated with CaH,(PO,). was the solubility product 
greater than that of the check and in some cases, it was actually much 
smaller. Now it can hardly be asserted that these soils which show 
small solubility are made infertile by the addition of phesphorus. On 
the contrary they are as fertile as the corresponding soils which received 
the other salt treatments and which gave a large solubility product. 
These soils, therefore, are fertile but this fertility power is not in- 
dicated by the solubility factor because of the depressing effect of the 
phosphorus. This depressing effect is doubtless due to the combination 
of phosphorus with the bases of the soil and the decreased solubility of 
the latter. It is now generally believed that the fixation of phosphorus 
in the soil depends upon the presence and abundance of bases. When 
phosphorus combines with these bases not only the phosphorus is 
fixed, but evidently the bases also become less soluble. If this is true 
then phosphorus acts as a conserver of bases, and thereby prevents 
the rapid loss of bases through leaching which ultimately and in- 
evitably results in the creation of an acid condition of soils. On the 
other hand, it must be stated that when a soil was treated with a com- 
bination of several salts such as Ca(NO,)., NaNO,, KNO, KCl, K,SO,, 

(NH) 3;SO0i;> MgS0,;” Cab (PO0,). KESPO) and Na, EO the phos. 
phates did not have a very marked depressing effect upon the solubility, 
but when (NH,).,SO,, NaC, HO, were eliminated from the combination 
then the depressing effect became very marked. Evidently the ammonia 
radical of the (NH,).SO, and the acetate radical of the NaC,H.O. were 
not influenced by the phosphorus. Finally, that the solubility factor may 
not be an absolute and reliable criterion of the fertility of the soil is 
further found in the possibility that the plants may not obtain all their 
plant food entirely from the soil solution but also from the solid matter 
itself—the soil particles. Although at present the general belief appears 

to be that the plants do not themselves obtain any plant food directly 
from the solid soil except that which is made soluble by the excreted car- 
bon dioxide, yet the writer believes that the plants must in some way 
derive part of the plant food directly from the soil particles and especially 
in the case of some of the soils such as clay. 

In spite ef these limitations, however, it must be admitted that in 
general a high soluble salt content which is due partly if not largely to 
a high solubility, is associated with a high state of fertility. This ‘funda: 
mental pr inciple is abundantly supported by a large amount of experi- 
mental data. The work of King’, Hall, Brenchley, and Underwood’, 


2) Investigation in soil Management, 1904. Madison, Wis. 
» 


( 
(8) Phil. Trans, Roy. Soc. London. Ser. B. V. No. 307, p. 179 (1913). 
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seems to afford a conclusive proof of this principle. The recent inves- 
tigation of Jordan‘, Burd, Stewart and Hoagland? also lead to the same 
conclusions. 

It mav be stated then as a general principle that while the solubility 
factor is not an absolute and reliable criterion for the state of fertility 
of a soil, a very rich or heavily fertilized soil tends to give a high 
solubility product or a high soluble salt content. 

Mention has been made that in employing salt treatments in the study 
of the rate and extent of solubility it was hoped to be able to throw some 
light on the character of the reaction between soils and salts—i. e.— 
whether it is chemical or physical. As is well known, this question still 
remains unsolved and the scientific opinion on it is very much divided. 
Some believe that the action is chemical, others that it is physical. 
It was thought, therefore, that the study of the rate and extent 
of solubiliy of treated soils might help to solve this problem. It was 
reasoned that if the reaction was chemical so that the salt or its ien 
combined with the soil to form new chemical compounds, the rate of 
solubility of this treated soil should be slow and gradual since the rate 
of solubility of many definite soluble compounds such as CaH,(PO,),, 
K,SO,,. ete., is slow and gradual. If on the other hand, the reaction 
is physical so that the salt or its ion was merely absorbed or condensed 
on the surface of the soils, probably in a film form, then the rate cf 
solubility of the soil should be very fast and the equilibrium should be 
attained in a very short time probably in a few minutes. The latter 
reasoning was supported by the fact that an adsorbed film should go 
into solution faster than a difficult soluble chemical compound and éspe- 
cially since an adsorbed material generally follows the law of equal 
distribution, i. e., between the solid and liquid phase. 

If the difference in the rate of solubility of salt treated soils is a true 
criterion for distinguishing between chemical and physical reaction then 
the evidences are overwhelmingly in favor of the theory that the reaction 
between soils and salts or their ions is chemical and not physical. For 
it is readily seen that in all the soils with all the salts the rate of solu- 
-bility is very slow and gradual, extending usually to 60 days and in 
some cases even to 120 days. This chemical theory is further supported 
by the chemical composition of the material going in solution. As al- 
ready stated this material consists of the base radical of the salt added, 
of aluminum, iron, calcium, magnesium, phosphorus and organic matter. 
Now if the reaction were physical, the resulting solubility product ought 
to be composed largely of the material adsorbed. 

Referring once more to the experimental data, the questions may be 
asked, has the solubility attained equilibrium and has the solution be- 
come saturated ? 

Before an attempt is made to answer these questions it is necessary 
to recall that the soils were kept in stoppered glass tubes at a moisture 
content of about 1 of soil to about .70 water. These conditions of the 
experiment, therefore, were very favorable for maximum true solubility 
but very unfavorable to nitrification actions, although perhaps some- 
what favorable to denitrification and to other types of biological action. 
It is believed, however, that under the condition of the experiment bio- 


(4) N. Y. State Agr. Expt. Sta. Bul. 424. (1916) 
(5) Journ. Agr, Res, V. 12, No. 6 (1918), 
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logical activities of any kind were at minimum, especially the first ten 
days. 

With the above explanation in mind the questions now may be 
answered. From the data it would appear that equilibrium is attained 
at the end of about 60 days, as at this period solubility becomes station- 
ary or negligible. And if equilibrium is attained then the solution must 
also be saturated, at least with some of the soil constituents. 

While the results show an apparent equilibrium there are many evi- 
dences which seem to make doubtful if it is the real equilibrium. In 
the first place, if the soil which shows a constancy in solubility at the 
high water content is allowed to lose moisture so that its water content 
is reduced to about the optimum point, the freezing point depression or 
the amount of material in solution is far greater than at the high 
moisture content where equilibrium is shown to have been reached. 
Now according to the laws of solubility, if the solution were at equili- 
brium and saturated at the high moisture content the solution should 
become super-saturated at the lower moisture content and the solutes 
should separate out so that the solution would again be at equilibrium 
and saturated as required by the new conditions. In that event then 
the freezing point depression at the low moisture content should: be the 
same as that at the high. Instead of that, the depression, as has already 
been stated is much greater at the low moisture content. 

In the second place, since the soil is a complex and heterogeneous mass, 
composed of minerals, colloids, organic matter, etec., it does not seem 
possible that it forms definite chemical compounds with the salts. And 
if it does not form definite chemical compounds it probably does not 
have a definite solubility, in the physical-chemical sense. 

In the third place, since the soil contains organic matter it does not 
seem reasonable to believe that definite equilibrium, in the physical- 
chemical sense, is attained. 

The conclusion appears inevitable, therefore, that the equilibrium in- 
dicated by the experimental data is not a true and definite equilibrium 
in the physical-chemical sense, but only an apparent equilibrium. The 
true equilibrium is probably never attained because many salts formed 
in the soil, such as NaNO,, KCl, Na,CO,, CaS0O,, ete., have a very high 
solubility constant and a tremendous amount of them is required to 
form a saturated solution. Furthermore, if the soil is considered as it 
actually is and not speaking from theoretical principles, it is probably 
not proper to speak of true equilibrium, in a chemical-physical sense, 
This logically follows from the fact that the soil is a heterogeneous mix- 
ture composed of mineral solids, organic matter, gas, and a liquid, and 
contains organisms, and in the process of solution, hydrolysis, biolog- 
ical decomposition, etc., many substances are formed, which once formed 
do not depend in their solubility upon the substance from which they 
were formed, and consequently there cannot be a true solubility as is 
chemically understood. 

The solubility of the soils under consideration would probably con- 
tinue for many months, if not almost indefinitely, if it were not for some 
factors which create a limitation in the amount of material going into 
solution, and after a certain time cause even a reverse action. Just 
what these factors are is not known, but some may be suggested. It has 
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been observed in the first place, that after the soils have stood in the 
tubes for 50 or 60 days algae begin to appear on the sides of the tubes 
above the soil. The column of water standing on the top of the soil, 
after the latter settles, becomes sometimes turbid and occasionally a 
red precipitate appears in this column of water of some of the soil 
or salt treatments. At about this stage, the solubility becomes more or 
less constant and in some cases a reverse action takes place, i. e., there 
is a sudden or gradual reduction in the freezing point depression, indt- 
cating that some material in solution is going out of solution. The red 
precipitate occurs very generally in the untreated soil and only occa- 
sionally in the treated soils, and when it occurs it stains the glass of the 
tube and this stain becomes fixed as it cannot be washed with water. 
While it is not definitely known what the cause of this red precipitate 
is, it seems to be brought about by living organisms. The reverse action 
takes place sometimes even when there is no precipitate of any kind. 
This happens invariably in the case of the soil treated with (NH,).S0,. 
The concentration of the solution continues to increase in this case for 
about 40 or 50 days and then quite suddenly it decreases. The reverse 
action took place only in those soils treated with (NH,),SO, and not in 
the other salt treatments. 

Another factor which seems to limit or prevent further solubility as 
indicated by the progressive increase of concentration is the concen- 
tration of the solution itself. It was found, for instance, that when a 
soil was treated with a salt and the salt was only partially washed with 
water the original depression remained quite stationary or constant, 
while if all the salts were washed away, the original depression was 
greatly increased. Evidently the presence of a high concentration pre- 
vents the soil from yielding to the solution even the amount of the 
material that it would in an untreated condition. This conclusion is 
further supported by the results of a former investigation on the meas- 
urement of the velocity of the reaction between soils and chemical agents 
and the behavior of equilibrium. It was shown in this research that the 
velocity of the reaction between soils and salts was extremely rapid if 
not almost instantaneous, and the equilibrium attained remained con- 
stant for long times, even one hundred days. Now if the soils were yield- 
ing material to the solution this eauilibrium certainly could not be main- 
tained constant for such long periods of time. 

If concentration, therefore, tends to inhibit solubility then the further 
solubility of the salt-treated soil was retarded or completely stopped by 
the concentration of its own solution. The solubility went on until a 
certain concentration was reached and then this degree of concentration 
had an opposite effect upon the solubility and it either completely stopped 
it or greatly retarded it. 

In what manner the concentration affects unfavorably the solubility 
of the soil cannot be stated at present. It may be argued that the 
solubility still goes on but that the soil readsorbs some of the material 
in the solution, or that the soluble materials react between themselves 
and form new compounds, or precipitate one nother, and these pro- 
cesses are so balanced that the total concentration remains the same for 
a long time. In view of the effect of total solids upon the depression, 


(6) Mich. Agr. Expt. Sta. Tech. Bul. 37 (1917). 
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the difference in ionization of the different compounds and the con- 
sequent difference in the freezing point depression, it does not seem 
possible that these processes could be going on without causing a change 
or fluctuation in the lowering of the freezing point. Wherever a change 
occurs the method detects it, as in the case where a reverse action takes 
place. 

To conclude then, it seems probable that the solubility of the soils 
under consideration would continue much further than it did, but on 
account of some opposing factors it comes to a standstill after a certain 
length of time. Some of the opposing factors are the living organisms 
in the soil, the concentration of the solution itself. and the adsorptive 
power of the soil. 

Finally, it must be emphasized that the above and other factors do 
not diminish the fundamental importance of the experimental results 
of this investigation from both the practical and scientific standpoints. 
In the first place, the most important fundamental principle on the rate 
and solubility from both the practical and scientific standpoint are estab- 
lished at the beginning and especially at the first or second day of the 
experiment, and the factors mentioned above do not come into play for 
a long time; and in the second place the method employed in obtaining 
these experimental results is essential and desirable for a complete and 
comprehensive study of the rate and extent of solubility of soils both 
treated and untreated. As will be seen subsequently this method is 
checked by a method which aims to simulate field conditions, and thus 
affords a comparison in the results between the two methods. 

From the practical standvoint the rate and extent of solubility in the 
first and second day are the most important because they show the 
possible rate and amount of material which goes in solution for the use 
of the plant. During this time there was no biological action in these 
soils which affected the results. 

Rate and Extent of Solubility of Soils Treated with a Combination of 
Salts and then Washed Until the Free Soluble Salts Were Eliminated. 
Ratio of Soil to Water was about 1 to .7 and Mixture Maintained at 
Room Temperature. 

In the preceding study only single salts were employed. In the present 
study a combination of salts was employed. This combination of salts 
comprised all the single salts used previously, namely, Ca(NO,),, NaNO.,, 
KNOs Kel K-80; (C(NH,).S0;,,-Mes0. «Cal, (POD: 2 KEPO,-2and 
NaC,H,0,. The strength of this solution was tenth normal, the same 
as of the single salt solutions. The soils were exactly the same as before. 
The procedure of treating the soils and measuring the rate and extent 
of solubility was also the same as in the preceding study. The results 
obtained are presented in table 8. This table contains the rate and extent 
of solubility as indicated by the freezing point depressions of the treated 
and untreated soils. 
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TABLE 8—RATE AND EXTENT OF SOLUBILITY OF SOILS TREATED WITH A COM- 
BINATION OF ALL TEN SALTS AND THEN WASHED. FIGURES REPRESENT FREEZ- 
ING POINT DEPRESSION. 


Treatment. Days |) 10! | aaiigyeeor, | <4 8 13 20 36 


| 
Sineriorclay; treated sie. sinc sabe const oh sts eo ddan | .009 | .017 | -023 | -030 | 034 | 038 | .040 | .043 | .045 
Superior clay, untreatedons. caccige «cece cee ores - ciel - | .006 | .008 | .010 | 014 | 014 | .016 | .018 | .020 022 
lan loamtrentades teers: ts. 58 Nerose <> -c Cen. ..| .008 | .020 | .028 | .035 | .047 | .050 | .052 | 051] .052 
Clay loam: untreated=~ o..5 --vetase ce ois. sieges soe ee 006 | 008 .008 } :010 | .014 | .018 | 019 | .022 | .022 
Dark. brown silt loam, ‘ereated> ii. 3... 2... 00.0 0--.2e 5% -.| .009 | .028 | .034 | .043 | .060 | .072 | .077] .078 | .080 
Dark brown silt Joam, untreated.............-.....-..- | .006 008 013 .027 | .032 .035 | .037 | .041 | .045 
Dark brawn silt loam; treated. 3 ..n.v2c. 2% oe fae ee | .008 | .022 032 | .040 | .050 | .062 ug 075 078 
Dark brown silt loam, untreated... ................. --| .007 008 | 010 | .012 | .023 | .037 | .038 | .039 042 
Sand viloami treated’. sac. (ea. seeks os one hee cone 008 | .020 | .029 | .030 | .040 | .052 | .060 -063 | .070 
Sandy loam, untreated............2....02-e0020000 .} .003 | .006 | .010 | .012 | 017 | .024 | .027 | .032 | —.032 
SANG ERLE serge hehe reese oh ce wives Sei tods aes Se | 003; .003 -003 004 | .005 | .005 | .005 | .006 | -006 
Sand-sintreatedseaaaeees.o Se crac sa ae no ere ee | 003 bak 003 | .004 | .005 | .005 | .005 | 006 | .006 

| 


The above data show very conclusively and strikingly that even when 
the soils are treated with a combination of salts the rate of solubility is 
slow and gradual and the process continues for a long time, and that the 
extent is considerable and much greater than that of the untreated soils. 

The above results also show that when the soils are treated with a 
combination of all the salts mentioned the phosphates do not inhibit the 
solubility of the soils as they do when they are added themselves singly. 

On the other hand it must be stated that when (NH,).SO, and 
NaC,H,O, are omitted from the combination the extent of solubility is 
much less than it is when they are present—indicating that it is probably 
the ammonia and the acetate radicals which bring about the difference. 
Evidently the phosphates do not control the amount of material going 
into solution when (NH,),.SO, and NaC.H,.0, are present. 

Rate and Extent of Solubility of Experimental Field Soils which have 
Been Receiving Fertilizer Treatments in the Usual Manner. Ratio of 
Soil to Water was about 1 to .7 and Mixture Maintained at Room Tem- 
perature. 

Having established certain fundamental principles regarding the rate 
and extent of solubility of soils treated with salts singly and in combina- 
tion it was deemed important and essential to try to verify these prin- 
ciples with natural field soils which have been receiving fertilizer treat- 
ment in the usual way and whose culture history and state of fertility are 
known. For this purpose soil samples from the standard experimental 
fields of the University of Ilinois, Cornell University, Ohio Experiment 
Station and Rhode Island Agricultural College were obtained . 


A (a) For procuring these soils the writer is most thankful and very indebted to Dr. Lyon of 
ornell University, Dr. Hopkins and Dr. Stewart of the University of Illinois, Professor Ames 
of the Ohio Experiment Station and Director Hartwell of the Rhode Island Experiment Station. 
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These soils were received in the fresh state and were used in that con- 
dition. Certain quantities of them were placed on filter papers in funnels 
and washed until all their free soluble salts were eliminated and their 
freezing point depression was very close to that of distilled water. A 
portion of each washed soil was then placed in the freezing point tube, 
water being added to it to bring up the water content to the ratio of 
about 1 or soil to .7 of water, and the freezing point depression was deter- 
mined immediately and as often thereafter as was deemed necessary. The 
data secured are presented in tables 9 to 14, inclusive. Below each table 
is a description of the fertilizer treatment of the respective soils. 


TABLE 9—RATE AND EXTENT OF SOLUBILITY OF RHODE ISLAND SOILS. RATIO OF 
SOIL TO WATER WAS ABOUT 1 TO .60 AND MIXTURE MAINTAINED AT ROOM TEM- 
PERATURE. FIGURES REPRESENT FREEZING POINT DEPRESSION. 


Days. . 0 1 2 4 7 10 17 24 31 45 61 


SOUL ING! sis lacey So se eee Geen eae .010 | .010 | .010 | .012 | .014 | .020 | .020 | .020 |-.023 | .025 025 
DOIN OS Dee Suge ize espe ee een ee 010 | .010 | .010 | .012 | .021 | .022 | .023 | .023-| .025 | .028 029 
BOUIN Osc Stes ee cement een aa .O10 | .010 | .010 | .012 | .014 | .022 | .022 | .022 | .028 | .025 .028 
BolliNO: 4a yee eine ee eee Eee istise .010 | .011 | .011 | .014 | .020 | .022 | .021 | .022 | .025 | .029 031 
DOUINO: Sit cerns aren Merwe ere aU Ie 010 | .010.) .010 | .012 | .012 | .012 |} .013 | .012 | .012 | .018 015 


Soil No. 6 


SOU SNOM ee, PEEL earn er ANA eas ea -010 | .012 } .012 ) .011 | .017 } .019 | .020) .020 | .022 | .024 025 


Soil No. 1. 158 pounds nitrate of soda, 96 pounds sulfate of ammonia, 450 pounds tankage, 

: - 571 pounds acid phosphate, 97 pounds sulfate of potash, lime. 

Soil No. 2. 127 pounds nitrate of soda, 574 pounds acid phosphate, 200 pounds salt, 856 
pounds wood ashes, lime. 

Soil No. 3. 127 pounds nitrate of soda, 96 pounds sulfate of ammonia, 753 pounds tankage, 

659 pounds acid phosphate, 200 pounds salt, 1484 pounds wood ashes, lime. 

Soil No. 4. 191 pounds nitrate of soda, 144 pounds sulfate of ammonia, 301 pounds tankage, 
444 pounds double superphosphate, 131 pounds magnesium sulfate, 103 
pounds sulfate of potash, lime. 

Soil No. 5. Same as No. 4 without lime. 

Soil No. 6. No fertilizers, almost a yirgin soil. 

Soil No. 7. Virgin soil. 


TABLE 10,—RATE AND EXTENT OF SOLUBILITY OF OHIO SOILS. 
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WATER WAS ABOUT 1 TO .70 AND MIXTURE MAINTAINED 


ATURE. FIGURES REPRESENT FREEZING POINT DEPRESSION. 
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RATIO OF SOIL TO 
AT ROOM TEMPER- 


Days. ae 2 | 5 9 16 | 23 | 44 61 
= = — : = |_ 
fo |e} oe | @ | @ fe) ede Le 
Soil No. 1......-- OL O14 | 020 | .022 | .028 | .032 |. .040 | .040 040 
SIFTS [gee ee ge ee 010 | .016 | .020 022 | .022 | .028 | .€39 | .030 (32 
SOTTO TOR yeh aed or or ae I, Se ER a ee A ae -010 | .016 | .020 | .021 | .023 022 | .030 | 030 031 
BoliliNio: #2. coke pObsee peek ee | o10 | .o12 | .013 | .014 | .015 | .016 | .018 | .o18 | ~.020 
SOUS > rd ee We oc Ste nee eee en Sh. oi -010 | .012 -013 | .014 | .015 | .015 | .018 018 .020 
SOULNO RO eee Fee Oe ene ae oe rics oa ened ont 010 | 016 -020 | .021 | .020 | .020 |} .028 028 -030 
SOWMNON eas coe wee are Ree foe. r oat sche sence nes -010 -016 | .020 022 | .020 028 | .033 032 033 
SO (AT ee I en eo | .o10 | .016 | .020 | .022 | .023 | .025 | .028 | .028 | .030 
| 
Soil No. Five year rotation, in corn, unfertilized. 


a IP 
Soil No. 2. Five year rotation, in corn, plot 2; acid phosphate 80 pounds. 
> 


Soil No. ; 


SO pounds; nitrate soda 80 pounds. 
Soil No. 4. Five year rotation, in oats, plot 15; acid phosphate 160 pounds; muriate potash 
100 pounds; dried blood 50 pounds; nitrate soda 120 pounds. 
Soil No. 5. Continuous culture, wheat unfertilized. - 
Soil No. 6. Continuous culture, wheat, plot 8; acid phosphate 100 pounds, muriate potash 100 


pounds. 


Five year rotation, in corn, plot 12; acid phosphate 160 pounds; muriate potash 


Soil No. 7. Three year rotation in potatoes; plot 15; acid phosphate 480 pounds, muriate 
potash 300 pounds, nitrate soda 320 pounds. 

Soil No. 8. Three year rotation, in clover, plot No. 15, acid phosphate 480 pounds, muriate 
potash 300 pounds, nitrate soda 320 pounds, on potatoes only. 

The 5 year rotation consisted of corn, oats, wheat, clover and timothy. The fertilizers have 

In addi- 
tion to the fertilizers stated above the soils have received also applications of lime at different 


been applied only on the corn, oats and wheat, but not on the clover and timothy. 


periods. 


TABLE 11—RATE AND EXTENT OF SOLUBILITY OF ILLINOIS SOILS. RATIO OF SOIL 
TO WATER WAS ABOUT 1 TO .70 AND MIXTURE MAINTAINED AT ROOM TEMPER- 
ATURE. FIGURES REPRESENT FREEZING POINT DEPRESSION. 


| 
Days. 0 1 3 | 6 10° 17 24 | 31 45 61 

as j 

(ee ce | ce | ce (C2 (2 (O54 Ce Cc Co 
SION Teva ES saa Re ie ene ce ee 010 | .013 019 | .023 | .030 | .038 | .035 | .042 | .050 .050 
DOWNG 2a ssc kee es = Se ee we 010 | .012 016 | .019 | .020 | .020 | .021 022 | .032 032 
DOMINO Ree a tease ee hens eee 010 | .011 016 | .019 | .020 | .020 | .020 | .021 | .020 025 
WOMAN G4. tee on oes on no EE Se aoe 010 | O11 016-| .023 | -020 | .030 | -.033 | .035 | .038 -040 
DOUNG! o> seeks Secon eos SSE aner 010 | .O11 012 | .013 | .012 | .013 | .013 | .613 | .015 -017 
SOWINOS GS cc ck a sen et ee 010 | .011 012 | .012 | .012 | .012 | .015 | .017 | .020 .020 
Boil NOs esse oa a ee eee -010 } .010 | .012 | .016 | .019 20 | .019 | .021 | .020 .030 
Soma 28 St es. Soe ee ee .010 | .011 | .016 | .021 | .021 022 | .032 | .040 | .040 .040 

South Farm 

Soil No. 1. Plot No. 166. Residue, phosphorus, lime. 
Soil No. 2. Plot No. 169. Residue. 
Soil No. 3. Plot No. 170. Manure, phosphorus, lime. 
Soil No. 4. Plot No. 173. Manure. 

Davenport Plots 
Soil No. 5. Plot No. 202. Residue. 
Soil No. 6. Plot No. 203. Manure. 
Soil No. 7. Plot No. 206. Residue, phosphorus, lime. 
Soil No. 8. Plot No. 207. Manure, phosphorus, lime. 
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TABLE NO. 12.—RATE AND EXTENT OF SOLUBILITY OF CORNELL SOILS. RATIO OF 
SOILS TO WATER WAS ABOUT 1 TO .70 AND MIXTURE MAINTAINED AT ROOM TEM- 
PERATURE. FIGURES REPRESENT FREEZING POINT DEPRESSION. 


Days 0 1 3 6 9 iP le OX 7kuy al) ies Sipe Sail 

(OPI Dhar Govt Ran Crt fab ©:c0| eel Oo Fl tl a ed Goch 2 Orca iO = 
SoiliNow Ih soba eke epics eee aso eae .010 | .012 | .013 | .019 | .020 | .020 | .020 | .021 | .022 | .024 
GoUliNorOhee GU aeetes atk ee eer tac 010 | .012 | .013 | .019 | .020 | .020 | .020 | .020 | .028 | .030 
STW (aise Paceae eae RN ee Ra nA Rate .010 | .012 | .013 | .019 | .020 | .018 | .020 | .020 | .020| .022 
Soil Node reeset eras ee OEP EO TOm MaOl2a| e012 | OLS] Ole ReO1Sal eAOZOM 010M =AO20Rl mmO22 
SonlliIN‘G: Sia tera ise eae renee eys oe meal OL Os [ae CL 2h EAOL2 .019 | .020 | .020 | .020 | .022 | .024 | .036 


0. No fertilizers. 


Soil No. 1. Plot No. 72 ; 
21. 160 pounds nitrate of soda, 80 pounds muriate of potash, 320 


Soil No. 2. Plot No. 7: 
pounds acid phosphate. ; 
Soil No. 3. Plot No. 728. 640 pounds nitrate of soda, 80 pounds muriate of potash, 320 


pounds acid phosphate. 

Soil No. 4. Plot No. 730. No fertilizers. 

Soil No. 5& Plot No. 732. 20 tons farm manure. 

These soils were taken from plats used in rotation of timothy 3 years; corn, oats, and 
wheat. Fertilizers have been applied each to the three years of timothy, but no fertilizer has 
been given to the grain crops. On the manured plat, the manure has been applied twice to 
the three crops of timothy instead of three times as in the case of the common fertilizers. 


Considering first the rate of solubility it is seen that the velocity is very 
slow and gradual in all the various soils, but in some it is considerably 
lower than in others. Thus, soils 5 and 6 in table 9, soil 4 and 5 in table 
10 and soils 5 and 6 in table 11 manifest a much lower rate of solubility 
than the other soils. In fact, some of these soils, such as soils 5 and 6 
in table 9, show an exceedingly slow rate of solubility. 

Considering next the extent of solubility, it is evident that the amount 
of material that went into solution is rather small in practically all the 
soils and especially in those that show the least rate of solubility. The 
maximum quantity of material that went into solution increased only 
from a freezing point depression.of .010° to .040° or .050°C at the end of 
60 days. 

Viewing next the solubility factor of these various salts in relation to 
their treatment or state of fertility, it becomes. at once evident that there 
is no close and consistent relationship between these factors, just as there 
was not always one in the case of the salt treated soils. A comparison 
between the fertilizer treatment of the various soils and the quantity 
of the material that went into solution proves this fact quite con- 
clusively. Thus, soils 4 and 5 in table 9, of the Rhode Island Experiment 
Station, had both received exactly the same fertilization except that soil 
4 also received lime and soil 5 did not, and yet the amount of material 
that dissolved is very different in the two soils. In soil 4 the final depres- 
sion is .030° while in soil 5 it is .015°C or only half as great. On the other 
hand, soil 6, which did not receive any fertilizer at all, did not yield any 
more material than the fertilized soils, as its depression is only .012°C, 
the lowest in the series. 

Soil 1 in table 10, of the Ohio Experiment Station, received no fertilizer 
whatever, and yet it allowed more material to go into solution than the 
fertilized soils, its besa being .040° as compared to .083°C in soil 7. 
On the other hand, soil 5, which was also unfertilized but in continuous 
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wheat yielded only a small amount of material to solution, its depression 
being only .020°C. This depression, however, is the same as that in soil 
4, which received heavy applications of fertilizers. 

In the Cornell soils in table 12 the same inconsistency and irregularity 
are shown in the relationship. Soil 1 was unfertilized and yet it yielded 
as much material to solution as soils 3 and 4 which received fertilizers. 
Soils 5, however, which received manure gave the largest amount of solu- 
ble material, with soil 2 coming second. 

Of all the sets of soils used those of the University of Illinois show 
the best consistency and regularity between treatment and solubility 
product. They show that soil 1 which received residual phosphorus and 
lime gave more soluble material than soil 2 which received only residue. 
Likewise, soil 4 which received manure, phosphorus and lime yielded a 
greater concentration than soil 3 which received only manure. Again 
soils 7 and 8 which received residue phosphorus and lime, and manure, 
phosphorus and lime respectively, produced more soluble material in the 
solution than soils 5 and 6 which received only residue and manure respec- 
tively. And the most important fact is that the order of the magnitude 
of the solubility product corresponds to the crop-producing power of the 
souls. On the other hand it must be stated that when an optimum mois- 
ture content is employed in these soils this fund: imental principle is not 
confirmed, as data subsequently to be presented show. 

In brief then, it can be said that there is no universal and consistent 
relationship between the factor of solubility and the state of fertility. 
Hence, the factor of solubility is not always an absolute and reliable 
criterion of the state of fertility of soils. This conclusion agrees with 
that already announced in connection with the salt treated soils, and is 
not at all surprising in view of the various disturbing factors pointed 
there. This conclusion finds further confirmation in the next phase of the 
investigation. 

Rate and Extent of Solubility of Experimental Field Soils Which Have 
Been Receiving Fertilizer Treatments in the Usual Manner. Moisture 
Maintained at Optimum Content and Soils Kept Mostly Outdoors. 

In the preceding series of experiments the rate and extent of solubility 
were studied at a very high moisture content, usually at the supersatura- 
tion point. While it is very important and highly desirable to so investi- 
gate the subject, yet this condition is artificial and does not simulate 
practical or field conditions. In the field the moisture content is greatly 
different and consequently the rate and extent of solubility may be much 
different. Before the principles established under the artificial condition 
can become applicable to field conditions, they must be tested out under 
field conditions. 

Accordingly, the ieee on the rate and extent of solubility of 
experimental field soils which have been receiving fertilizer tre atment in 
the usual manner, was repeated under practieal conditions. The pro- 
cedure consisted of placing a certain amount of the fresh soil on a filter 
paper in the funnel and washing with distilled water until all the free 
soluble salts of the soil were eliminated. A small sample of this soil was 
taken, air-dried, and its freezing point depression determined by using 
15 grams of air dry soil and 10° e.c. of distilled water. The remainder 
of the soil was allowed to remain in the funnel undisturbed and to lose 
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water until its moisture content was reduced to about the optimum point. 
The soil then was placed in a glass tumbler, thoroughly stirred, weighed 
and water was added to-it as often as it was deemed necessary in 
order to keep it at the optimum moisture content. In order to simulate 
further field conditions the soil was kept outdoors most of the time. At 
the end of 10, 30, and 60 days a small composite sample was taken, air- 
dried, and its freezing point depression determined as before. By. deter- 
mining the lowering of the freezing at the beginning and at the end of 
10, 30, and 60 days, the rate and extent of solubility could thereby be 
ascertained. Also by using fresh soils and not disturbing them when 
wet their physical condition remained excellent and very much as under 
field conditions. 

It is readily realized that under these favorable field conditions nitri- 
fication is very apt to take place in the soils and consequently an error 
may be introduced in the method of measuring the rate and extent of 
solubility of soils. While some nitrification undoubtedly took place in 
the soils yet the error introduced, as is revealed by the results, is prac- 
tically negligible. 

The data obtained in this phase of the investigation are presented in 
tables 13 to 16 inclusive. For purpose of convenience and immediate 
reference the fertilizer treatment of the soils is again given and is placed 
at the bottom of each respective table. 


TABLE 13.—RATE AND EXTENT OF SOLUBILITY OF RHODE ISLAND SOILS AT 
OPTIMUM MOISTURE CONTENT, KEPT MOSTLY OUTDOORS. FIGURES REPRE- 
SEN FREEZING POINT DEPRESSION. 


Days 0 10 30 60 

Cover? | C2 aL ee 
Sot ript PAEE am Renee ohio OM) Non Ree eed Sata Cetera.) ST aa a ih NN Ae 008 | .011 | .025 | .036 
Soil Now2:) ck AS. 4 bas tes pee anc einen ir as hea een ee SET a! -...{ 008 | .011 | .020} .032 
SoilING. 3s ees Sea a es el oxen oe ae Ra eee act Ag a 008 | .011 | .020 | .032 
Sor Nasa See srk eee he ee Pt Gaal as Rae Cite ae 8. oot is Bir Ngee 008 | .011 | .020 | .032 
SST eetega MD a saan roa rahe ier ger CME TRE DS > Se TMs aaig 7) 008 | .011 | .020 | .032 
Boll NosGsae Na paige ae aia aha Robe es ott ue Patan Sent aa mes aca tis a 008 | .011 | .020| .029 
SUT ESGiN Goeet ane Rema san ies AEA ir RM r CUata a eel gR Me ee eT aie. Saker ce neat ie 008 | .011 | .025 | .033 


Soil No. 1. 158 pounds nitrate of soda, 96 pounds sulfate of ammonia, 450 pounds tankage, 

- 571 pounds acid phosphate, 97 pounds sulfate of potash, lime. 

Soil No. 2. 127 pounds nitrate of soda,°574 pounds acid phosphate, 200 pounds salt, 856 
pounds wood ashes, lime. 

Soil No. 3. 127 pounds nitrate of soda, 96 pounds sulfate of ammonia, 753 pounds tankage, 

: 659 pounds acid phosphate, 200 pounds salt, 1484 pounds wood ashes, lime. 

Soil No. 4. 191 pounds nitrate of soda, 144 pounds sulfate of ammonia, 301 pounds tankage, 
444 pounds double superphosphate, 131 pounds magnesium sulfate, 1038 
pounds sulfate of potash, lime. 

Soil No. 5. Same as No. 4 without lime. 

Soil No. 6. No fertilizers, almost a virgin soil. 

Soil No. 7. Virgin soil. 
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TABLE 14.—RATE AND EXTENT OF SOLUBILITY OF OHIO SOILS AT OPTIMUM 
MOISTURE CONTENT. KEPT MOSTLY OUTDOORS. FIGURES REPRESENT FREDZ- 
ING POINT DEPRESSION. 


Days. 0 10 30 60 
Cc ce (62 €° 
SOLING: Te sccnt sada nec tro ate ee ea Romie enh fe or 55 i .009 + .012 | .020 027 
SOMUN OT 28-0. lpenrod ooh s oak Se eR ee REM ase ity Seah ah atk 009 | .012 | .017 | .027 
Sor NowOast crate te 15, hc me ons Sea, SSS Tis oA .009 | .012 | .020 | .027 
SOE OS AC ee. oes oc ol. aus Ee eee ae EE ME aia eS. Lot cee Sen saa 009 | .012 | .020] .027 
Boi N 2 Biss esos eee es eet rep Ole SSE Sots Tapeh, eee at .009 | .012 | .016 | .025 
SOUCNOs Ohi cataafe sis San ean MOR «nollie Bits cae Er raiatekhe ci laser som teerstas fee 009M) 0022 020¢| aert026 
SOmiNonaacreyec isc alae ee ee Saito bs Be ee a OM Pe a ne ...| .009 | .012 | .020 | .025 
SOTO MS tem anes ene Rstictee Nee anne insane Sale, Paveie ine Syevere wadislce me EA an coamataren .009 | .012 | .020 026 
Soil No. Five year rotation, in corn, unfertilized. 


5. 
Soil No. 2. Five year rotation, in corn, plot 2; acid phosphate 80 pounds. 
Soil No. 3. Five year rotation, in corn, plot 12; acid phosphate 160 pounds; muriate potash 

; 80 pounds; nitrate soda 80 pounds. 

Soil No. 4. Five year rotation, in oats, plot 15; acid phosphate 160 pounds; muriate potash 
100 pounds; dried blood 50 pounds; nitrate soda 120 pounds. 
Soil No. 5. Continuous culture, wheat unfertilized. 
Soil No. 6. Contitiuous culture, wheat, plot 8; acid phosphate 100 pounds, muriate potash 
100 pounds. 
Soil No. 7. Three year rotation in potatoes; plot 15; acid phosphate 480 pounds; muriate 
potash 300 pounds, nitrate soda 320 pounds. 
Soil No. 8. Three year rotation, in clover, plot No. 15, acid phosphate 480 pounds, muriate 
potash 300 pounds, nitrate soda 320 pounds, on potatoes only. 

The 5 year rotation consisted of corn, oats, wheat, clover and timothy. The fertilizers 
have been applied only on the corn, oats, and wheat, but not on the clover and timothy. In 
addition to the fertilizers stated above the soils have received also applications of lime at 
different periods. 


TABLE 15.—RATE AND EXTENT OF SOLUBILITY OF ILLINOIS SOILS AT OPTIMUM 
MOISTURE CONTENT. KEPT MOSTLY OUTDOORS. FIGURES REPRESENT FREEZ- 
ING POINT DEPRESSION. 


Days. 2 0 10 | 30 | 60 
BSE PSR 
SOL Nowe lace Ee eeoreachara cris Satoshi a te ab atts eee kera ae oe yo Soe te ars .009 | .012 | .022 | .029 
SEAN eee Ae Cio ame NDS een ee ett OO ae AS eee ane -009 | .012 | .020| .028 
MolNonas cessation eee eden Ua an A LS RN seen, 2c 009 | .012 | .020} .026 
SO TIANG 4 oe eee tyr eee tent ee | Samed Sahni, et, PRE Slava 2 009 | .012 | .020| .026 
oilman poet es ee a atone an nen eck PAE acceso Pn eR, nus Brace 009 | .012 | .020| .026 
SonliNo3 8 ses Rie eta are raha ck ee eet ere ee dean Wide en cd Soe ae lel sy eae y 009 | .012 | .020| .026 
ISOTIIR fa Uipactro Wek emir os age es te aR Ue oe aa at CE 009 | .012 | .020 | .027 
SOLLNO M8 oc Sree eee a re ee aa Nae Sh a en bre myer RS LSE .009 | .012 | .020| .029 


South Farm 


Soil Uo. 1. Plot No. 166. Residue, phosphorus, lime. 
Soil No. 2. Plot No. 169. Residue. 
Soil No. 3. Plot No. 170. Manure, phosphorus, lime. 
Soil No. 4. Plot No. 173. Manure. 

Davenport Plots 
Soil No. 5. Plot No. 202. Residue. 
Soil No. 6. Plot No. 203. Manure. 
Soil No. 7. Plot No. 206. Residue, phosphorus, lime. 
Soil No, 8. Plot No. 207. Manure, phosphorus, lime, 
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TABLE 16.—RATH AND EXTENT OF SOLUBILITY OF CORNELL SOILS AT OPTIMUM 
MOISTURD CONTENT. KEPT MOSTLY OUTDOORS. FIGURES REPRESENT FREDZ- 
ING POINT DEPRESSION. 


Say GUN fot Oem nS ate ob etal eee tthe Ritzer, Wee en, Myrrh es See cies SEEM MAAS ATS oss PRED ais aa .009 | ..012 | .016 .023 
Boi NotO eh hack a aioe cntea ce oeateie ate saiy telat ena tater selec abe nc Rie eras Seacrest nea .009 | .012 | .017 | .023 
SouleN ass tee alte tdelateiaa co vemos aunt ielonneret a vate hie onan RN eres shy este cecilia ay .009 | .012 | .017 023 
Soil No. 4..... : ROonATS RNS SRO Snitch easy ODL ATCA 4 ote hafe: sae cere nai -009 | .012 | .017 M08 
BOIMIN OMB aes actin cere ec oie Rater ea eona re aie tua is fein Meme chet aan tedeiorst alate ons ercinig aA ennai lene ae .009 | .012 | .018 | .028 


Soil No. 1. Plot No. 720. No fertilizers. 

Soil No. 2. Plot No. 721. 160 pounds nitrate of soda, 80 pounds muriate of potash, 320 
pounds acid phosphate. 

Soil No. 3.. Plot No. 728. 640 pounds nitrate of soda, 80 pounds mutiate of potash, 320 
pounds acid phosphate. 

Soil No. 4. Plot No. 730. No fertilizers. 

Soil No. 5. Plot No. 7382. 20 tons farm manure. 

These soils were taken from plats used in rotation of timothy 3 years; corn, oats and wheat. 
Fertilizers have been applied each to the three years of timothy, but no fertilizer has been 
given to the grain crops. On the manured plat, the manure has been applied twice to the three 
crops of timothy instead of three times as in the case of the common fertilizers. 


An examination of all the foregoing data reveals immediately and con- 
clusively the remarkable facts (1) the rate of solubility of all the different 
experimental soils is very slow, the freezing point depression increasing 
only about .003°C in ten days and about .050°C in sixty days; (2) the ex- 
tent of solubility or the total amount of material going into solution is 
also small, the total depression at the end of sixty days amounting in the 
majority of soils to only .0380°C; and (3), there is practically no difference 
either in the rate or extent of solubility between different soils within 
the same group or different groups. In other words both the rate and 
extent of solubility of all the soils are practically the same irrespective 
of their fertilizer treatment. 

These results are certainly very surprising when they are considered. 
from the known crop-producing or fertility standpoint of the soils. The 
past crop-producing history of these soils shows that there is a very 
marked difference in the amount of crops produced between the various 
soils within any one experimental field. Thus, the soils which have re- 
ceived no fertilizer have yielded the smallest amount of crops, while the 
soils which have received a large and proper treatment of fertilizer pro- 
duced the highest yields of crops. Yet all these same soils have allowed 
practically the same amount of material to go into solution, It would 
naturally be expected that the most productive soils would yieid solubie 
material at a greater rate and in larger amounts than the less productive 
soils, but such was not the case. Hven the THinois soils which showed a 
‘ather remarkably close relationship between their solubility product and 
their fertilizer treatments at the high moisture content, failed to show 
a relationship at this optimum moisture content. 

While these results may appear exceedingly surprising and almost in- 
credible yet when the principles previously established or discussed are 
reached, they may not appear so surprising or incredible. It was shown 
in the previous phases of the work (1) that the presence of phosphorus 
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and even the salt of Ca(NO,), tends to have a depressing effect upon the 
solubility of soils. (2) A high concentration also tends to have a de- 
pressing effect upon the solubility of soils. (3) The soil material going 
into solution is slow in rate and small in amount and unless the soil 
is very heavily fertilized or is exceedingly rich its rate and extent of 
solubility is not very much different from that of a medium productive 
soil. (4) The productivity or fertility of a soil is not determined only 
by the amount of material going into solution but also by the kind of 
material, i. e., whether it is composed of all the essential plant food ele- 
ments and probably in the proper amounts ; and (5) The plant exerts 
probably itself some influence in obtaining plant food directly from the 
soil particles. 

It is rather surprising to note that there is a closer connection between 
the factor of solubility and crop productivity in the various soils when 
the water content is maintained at a supersaturation point than at the 
optimum point. 

Finally, it must be stated that the results of this phase of the investi- 
gation go to emphasize the principle already announced that the solu- 
bility factor is not always an absolute and reliable criterion for the state 
of fertility of soils. A high solubility, however, may be generally re- 
garded, but not always as indicative of high state of fertility. 

Rate and Extent of Solubility of Soils, Treated with Acids and then 
Washed Until all the Free Soluble Acids were Eliminated. Rate of 
Soil to Water was about 1 to .7 and Mixture Maintained at Room 
Teraperature. 

Having studied the effect of salt treatment upon the rate and extent 
of solubility the desire arose to investigate the effect of acid treatment 
upon the rate and extent of solubility. Accordingly, five different soils 
were treated with seven different acids and washed until all the free 
soluble acids were eliminated as indicated by the exceedingly small de- 
pression of the freezing point of the washed soils. The washed soils were 
then placed in the freezing point tubes, their water content being brought 
to the ratio of about 1 of soil to about .7 of water and their freezing 
point depression determined immediately and as often, thereafter, as 
was deemed necessary. The soils consisted of a clay loam, two brown 
‘silt loams, one fine sandy loam and one sand. These soils are the same 
as those used in the case of the salt treatments. The acids comprised 
HNO; HCl, H.SO,, H,PO,, H;C,0,, °C,H,0,, and ©,H,0;. These acids 
were used in tenth normal strength. The treatment consisted of treat- 
ing 50 grams of air-dry soil with 150 ¢.c. of the acid, allowing the mixture 
to stand for about 24 hours with occasional shaking, and then washing 
the soil free of acids. The experime ntal data obtained in this phase of 
the general investigation are shown in tables 17 to 20 inclusive. 
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TABLE 17.—RATE AND EXTENT OF SOLUBILITY OF CLAY LOAM TREATED WITH 
ACIDS AND THEN WASHED UNTIL ALL FREE SOLUBLE ACIDS WERE ELIMINATED 
RATIO OF SOILS TO WATER WAS ABOUT 1 TO .70 AND MIXTURE MAINTAINED AT 
ROOM TEMPERATURE. FIGURES REPRESENT FREEZING POINT DEPRESSION. 


Treatment. Days. 0 1 4 6 8 12 15 26 37 55 81 

| c | CP s-pGe (G4 Ce | Ge (Or Cae sce (O (J 
HIN Oye tes. ae 003 | .018 | .020 | .020 | .020 | .020 | .020 | .021 | .022 | .022} .023 
Gly Asehaee 09s er ea kid oR ee 008 | O18 | .020 | .020 | .020 | .020 | .020 | .021 | .022 | .022 | .023 
1S ES\ 0 eae bets Ghiscras homes = ......| -003-| .018 | .020 | .020-) .020 | .020 | .020 | .021 | .022 | .022) .023 
GP Oia renee eRe eee 3 -008 | .018 | .020 | .020 | .021 | .021 | .021 | .021 | .025 | .033 -035 
HeCsOarss.. nario, nastier ene 010 | .018 | .021 | .025 | .039 | .041 | .072 -110 | .110 | .112 .090 
Cac OG ote ene oe eee .008 | .012 | .020 | .020 | .020 | .021 | .032 | .035 | .042 | .042 043 
COHSO Ws eae ee eee a eee O0Stiae Ole fs 030Ni=Oode nods |t0a8e|eOser nO ddm| 0d valle Ooo 028 
Check. Ackn he as RES SA a yes ..| .010 | .018 | .020 | .025 | .029 | .037 | .037 | .038 | .040} .040 042 


TABLE 18.—RATE AND EXTENT OF SOLUBILITY OF DARK BROWN SILT LOAM 
TREATED WITH ACIDS AND THEN WASHED UNTIL ALL FREE SOLUBLE ACIDS 
WERE ELIMINATED. RATIO OF SOIL TO WATER WAS ABOUT 1 TO .70 AND MIX- 

TURE MAINTAINED AT ROOM TEMPERATURE. FIGURES REPRESENT FREEZING 
POINT DEPRESSION. p 


Treatment. Days. 0 2 5 21 42 70 

C208. C8 10° ee ce 

UN Ogee gos Marco Ne eS See icee aah irs ae aeeu .005 | .013 | .018 | .022 | 022 | .022 
HClos tease ee MSS a SAG ASS Et rea gie See igs A= CAO a 005 | .013 | .018 | .022 | .022 | .022 
HES Oscar er ee ree eee eee 004 | .013 | .020 | .022 | .022 | .022 
js P(e PRR Renna 2s eRe ee Um rE tk et Inch MRE me et 008 | .033 | .036 | .035 | .035 | .034 
FCsOcee oe aE ae Sea Mee Ra areeeS mA eae .005 | .013 | .026 | .048 | .099 | .090 
FEC sHsOs53 5 Se oe ee a Se ae ees Slee .005 | .028 | .036 | .038 | .045 | 043 
FOgE Oro os Sane es RN IE eee 8, ave a mee agedin Meat .005 | .035 | .050 | .045 | .040 | 035 
Chicole eta Rieger pet Ne Lee eet eae re ns .005 | .013 | .026 | .039 | .052 | .055 > 
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TABLE 19—RATE AND EXTENT OF SOLUBILITY OF BROWN SILT LOAM TREATED 
WITH ACIDS AND THEN WASHED UNTIL ALL FREE SOLUBLE ACIDS WERE ELIMI- 
NATED. RATIO OF SOIL TO WATER WAS 1 TO .70 AND MIXTURE MAINTAINED AT 
ROOM TEMPERATURE. FIGURES REPRESENT FREEZING POINT DEPRESSION. 


Treatment. Days. 0 1 2 3 5 ti 9 | 12 21 42 

Cc° Ce Ce Oy Ce ce Ce (es ay ¢ 
EON Og fe atte stn sva'c saat ste ie Sepasenoe Amster eee 007 013 016 017 O18 020 | .020 020 020 022 
1 BCC) UF ee Ree tee, Oe oid i ea es oe 007 | .016 | .017 020 | .020 | .020 | .020} .020} .022 024 
ESS OW. Scrtertey ween aoe aera ee ace tacrertan sacs 007 | .019 | .020 | .019 | .021 | .022 | .022 | .022 | .022 025 
WHER ORAS shock. hetero os res ie sett ce Tel ate ee 007 | .023 | .028 | .028 | .029 | .030 | .030 | .030 | .030 029 
EO OS aaah aoean nae cian Aap ris ian SE 007 | .012 | .013 | .013 | .013 | .019 | .020 | .025 | .072 127 
HCsHaO aii? Fe tee tomar rcs eice Nae Merce renee 007 | .012 | .018 | .016 | .018 21} .025 | .030 | .040 039 
BC eHsO 7. isciaco ac; coe tatee Oxi toes iat Pe eslge's OO7R| .022 | .028 | .036 | .052 | .079 | .080 | .077 | .072 057 
@heektet. os, cae. cae cand se See Rete ses as 007 | .012 | .019 | .020 | .020 | .030 | .035 | .035 | .037 041 


TABLE 20.—RATE AND EXTENT OF SOLUBILITY OF FINE SANDY LOAM TREATED 
WITH ACIDS AND THEN WASHED UNTIL ALL FREE SOLUBLE ACIDS WERE ELIMI- 
NATED. RATIO OF SOIL TO WATER WAS 1 TO 0.5 AND MIXTURE MAINTAINED AT 
ROOM TEMPERATURE. FIGURES REPRESENT FREEZING POINT DEPRESSION. 


Treatment Days. 0 3 5 9 11 21 52 77 

Co | Gor Geen Ooms Cran Coe Ce 
1a aN OR SES SAGE Sen Cee Rae re mate en en es ees .004 | .010 | .Old | .015 | .O10 | .015 | .018 020 
HGloes.45 FSA Op ORC iene Ree ae Sse eee .....| -004 | .010-| .015 | .015 | .015 | .018 | .020 | .020 
TT aS Og stata asics 5 ois ease te ore teh een Ba coed anete SES .004 | .010 | .015 | .015 | .017 | .018 | .020 |; .020 
SPOG ES soe MerS cide SaaS eae os Bee Sani aE *...| .005 | .011 | .015 | .015 | .018 | .018 | .020 | .020 
eC 90K sornc ene oe eS Se a EN Sere eet Cee .005 | .016 | .016 | .018 | .018 | .025 | .030 | .035 
Cs Hsia reeset ress ha oe as eee ER rate Se PL .006 | .O11 | .015 | .015 | .017 | .020 | .020 .021 
TEES Ot 3 PO) ae eins SS Frc ir he cae puree Se ro .005 | .010 | .015 | .013 | .015 | .020 | .020) .022 
Chea key pata Ane eae oer sier ath SS cL eer mrey weeiarpoe .004 | .010 | .013 | .017 | .019 | .035 | .038 040 
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TABLE 21.—RATE AND EXTENT OF SOLUBILITY OF SAND TREATED WITH ACIDS 
AND THEN WASHED UNTIL ALL FREE SOLUBLE ACIDS WHERE ELIMINATED. 
RATIO OF SOIL TO WATER WAS 1 TO .4 AND MIXTURE MAINTAINED AT ROOM 
TEMPERATURE. FIGURES REPRESENS8 FREEZING POINT DEPRESSION. 


Treatment. Days. 0 4 5 13 | 19 21 30 60 90 

c° Ce c° c° c° G2 c° c° ce 
HNOs... met HP SOC MCRL Sac Pty oho C OO EDE -003 | .003 | .004 | .005 | .005 | .006! .006 | .009 -010 
13 (0) PR ee pes ae hecy ea te ns eae Ne nebo 7 see 003 | .003 | .004 | .005 | .005 | .007 | .007 } .009 | .010 
LeEN| Oe Seen Som Sena aeee Ubon AAR DE OA SHI or .003 | .003 | .004 | .005 | .005 | .007 | .007 | .009 010 
SPO Mere rs Laer de eos a ae meee eet hi ae ee .004 | .004 | .004 | .006 | .006 | .006 , .006 | .008} .008 
HoGsOreted a5 etnies eis ae oe Si Tifsechss tee eee .003 | .003 | .003 | .004 | .004 | .005 | .007 | .007 | .009 
HiGsHsOeh.. cae Sheed Sadie aes wie eet Pecans .003 | .003 | .004 | .004 | .006 | .006 | .007 | .001 | .006 
HsCeH307......-.-- Seep ot aot rena tetas a teccoCee .003 | .003 | .003 | .004 | .005 | .006 | .007 | 007 | .009 
Check. eede ge oe ae ocee em ae aoe oa esses .003 | .003 | .003 | .004 | .007 | .007 | .008 | .009 | .010 


The above data show that in the case of the inorganic acids the rate 
of solubility is rather rapid, equilibrium being reached in many cases 
in the first three or four days, and the extent of solubility is quite small, 
the freezing point depression not exceeding .025°C in the heavy type of 
soils, and about 010°C in the sand, at the end of about 80 days. The 
extent of solubility in the case of phosphoric acid treatment is slightly 
greater than that of the other inorganic acid treatments. In the case 
of the organic acids the results are somewhat inconsistent but they 
indicate that the rate of solubility is also rather rapid but the process 
goes on for a much longer time and the extent of solubility is very large 
and especially in some cases. Thus, in table 17 the depression rose in 
the case of H,C,O, from .010° to 112°C in 55 days. After a certain 
length of time the depression of some of these organic acid treatments 
begins to decrease, indicating that the material is going out of solution. 
This reverse action is similar to that in the case of the (NH,).SO, treat- 
ment. 

From various standpoints these results with the various acids are very 
interesting and very instructive. 

Rate and Extent of Solubility of Natural or Untreated Soils Which 
Were Previously Washed Until All Free Soluble Salts Were Eliminated. 
Ratio of Soil to Water Was About 1 to .7 and Mixture Maintained at 
Room Temperature. 

Having established certain fundamental principles with the ‘Salt, fer- 
tilizer and acid treatments on the rate and extent: of solubility of soils, 
the investigation on the rate and extent of solubility of natural or 
untreated soils is now in order. 

This part of the investigation comprised a great number of soils, 
coming from several different states, and including many different types 
and nearly all the various classes. It was the purpose in this research 
to study the effect of type, class, origin, fineness of particles, organic 
matter content and many other factors upon the rate and extent of solu- - 
bility of soils. The procedure of preparing the soils and measuring the 
rate and extent of solubility were the same as before, namely, the soils 
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were washed with distilled water until all their free soluble salts were 
eliminated and then samples of these washed soils were placed in glass 
tubes, then water content was brought up to the ratio of 1 of soil to .7 
water and then freezing point depression determined as usual at various 
intervals. The results obtained are tabulated in table 22. The typical 
results of a few soils are graphically represented by figures 6 to 10 
inclusive. 
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A close and thorough examination of the above data reveals many in- 
teresting and important facts. First of all it is shown that there is 
wide difference both in the rate and extent of solubility in the various 
soils. In many soils the rate of solubility is slow and gradual and the 
process continues a long time, but usually for about 30 or 40 days and 
the extent of solubility is rather appr eciable. Thus, in soils Nos. 9, 10, 
11, 12, 14, 16, ete., the depression rises slowly and gradually from about 
007°C to about .040°C in 30 days and to about .050°C in 99 days. In 
many other soils the rate of solubility is also slow and gradual and the 
process continues for a long time, but the extent is not large. Thus, in 
soils Nos. 1, 2; 8, 5, 6,-7,-8 g, , 21, ete., the freezing point depression rises 
from about .006°C ro aoure 020° C at the end of 30 d: iys, to about .025°C 
at the end of 99 days. In still other soils the rate is not only very slow, 
but the extent is also extremely small. Thus, in soils No. 4, 19, 22, 26, 
32, ete., the freezing point lowering rises from about .006°C to only 
.010°C at the end of 99 days. 

The data fail to show any close and consistent correlation between the 
class of soil and the solubility factor or the total amount of material 
going into solution. Beginning first with the clays it is at once seen 
that “the final depression varies from .010°C in the case of Georgia Cecil 
clay, to .023° in Wisconsin Superior clay, to .026° in Texas Houston clay. 

Considering next the clay loam it is readily observed that the lowering 
of the freezing point varies from .023° in the case of California Ramona 
clay loam (No. 7) to .032°C in Michigan clay loam (No. 8) to .052°C in 
Michigan clay loam (No. 9). 

In the case of the silt loams the variation in the depression ranges 
from .013° in the case of Memphis silt loam (No. 19) to .040° in Penn- 
sylvania silt loam (No. 17) to .050° in Michigan brown silt loam (No. 11). 

Even in the sandy loams the variation is quite striking. Thus, Ala- 
bama Dekalb sandy loam (No. 30) gives a depression of only .010 while 
Michigan fine sandy loam gives a depression of .087°C or a difference of 
025°C. 

The variation in the sands is very negligible. The depression of the 
freezing point of sands used is about .010°C for all of them. 

It is conclusively evident, therefore, that there is no relationship be- 
tween the solubility factor or amount of material going into solution 
and the class of soil. 

It is also evident that soils with the greatest surface or fineness of 
particles do not have the greatest solubility product. Of all the soils 
employed the clays must possess the greatest surface, with the possible 
exception of peat, yet the solubility product of these soils is smaller 
than that of clay loams and silt loams, and in some cases it is only 
as great as that of sands. 

It may appear that soils with large amounts of organic matter content 
yield the largest amount of material in solution. While this may be 
true in many soils yet there are many soils which contain a large amount 
of organic matter which did not give a high solubility product. Soils 
Nos. 5, 20, 15, 35, ete., may be cited as examples, while soils Nos. 14, 
16, 51, ete., contained very little organic matter and yet they yielded a 
high solubility product. It appears that if organic matter influences 
the solubility it is not so much its quantity as it is its quality, as many 
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mucks and peats allowed only a very small amount of material to go into 
solution. 

Georgia Cecil clay (No. 4), Memphis silt loam (No. 19),.and Ohio silt 
loam (No. 22) need special attention. All these soils show an exceed- 
ingly slow rate and a very small extent of solubility. In these respects 
they resemble very much the pure sandy soils or quartz sand. The Cecil 
clay refused to yield more material to solution even when its temperature 
was raised to 53°C and kept there for 30 days. 

Rate and Extent of Solubility of Natural or Untreated Soils. Mois- 
ture Maintained at Optimum Content and Soils Kept Mostly Outdoors. 

In the preceding study the rate and extent of solubility of the natnral 
or untreated soils were measured at the water content of supersaturation. 
In the present study it was decided to measure these factors at the 
optimum moisture content and thus under more or less practical or 
field conditions. In order to afford a true and reliable basis of com- 
_ parison in the results between the two sets of moisture content the same 
kind of soils were used in both cases. The procedure employed in a 
previous study was also used here. It consisted of placing a certain 
amount of soil on a filter paper in a funnel and washing until all its free 
soluble salts were eliminated. Then a small sample of the washed soil 
was taken air-dried, and its freezing point depression determined by 
using 15 grams of soil and 10 c.c. of water. The rest of the soil was 
allowed to remain in the funnel undisturbed and to lose water until its 
moisture content was reduced to about the optimum point. Then the 
soil was placed in a glass tumbler, thoroughly stirred and weighed. Water 
was added to it, thereafter, as often as it was deemed necessary in order 
to keep it at the optimum moisture content. Meanwhile, the soil was 
kept outdoors, under as natural conditions as possible, most of the time. 
At the end of 10, 30, and 60 days a small composite sample was taken, 
air dried, and its freezing point depression determined as originally. 

The results -procured in this study are presented in table 23. The 
number of each soil corresponds to the number in table 22 where the high 
moisture content was employed. 

TABLE 23—RATE AND EXTENT OF SOLUBILITY OF NATURAL SOILS, AT OPTIMUM 


MOISTURE CONTENT. KEPT MOSTLY OUTDOORS. FIGURES REPRESENT FREEZ- 
ING POINT DEPRESSION. 


5 Days o | 1 | 3: @ 
| © he tet e 
a) =e fF 

9 | Miehican clay loam... --.-.._. Og te oe eS ee ee eS ee mee 003 | .013 | .032 | .037 
7 1 oa " Pa = 

11 | Michiean brown silt loam... -____-_------.-- Pee es ate sass -008}} .016 | .029 | .035 
. ~ | . 

22) Mielersor brown sub Moss 92 Se 22 81 toe. oc eS SF SAS 008; .013 | .050 035 
. ina = 

7] = WintGnwn SHDECME Chay 2h op a 2. Pea ok Se ETO en Se ea ee eee -007 | .010 | .017 | 020 
14 | Wisconsin Miami silt loam. .........-..-.----. 2... Eee eee Nk -006 | .013 | 021) 037 

' . 
431) Waseem Carrimeton cli loam -. 2 = 2 5 SY ne 25 8 se hws eae nee 006 | .013 | 021} .036 
} t 
spel arhran ebay Semiats on = Spee tan ee ote Se ie a oe Ce 007 | .013 | 023 | .@9 
fy 2 a NE re Sele eee ete ee ee 006 | .013 | .022 | 027 
oa SS ee ee eee ee Se ee ek. oo | .009 | 013] 015 
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These results show that at the optimum moisture content the rate of 
solubility is slow and the extent of solubility is small, of all the natural 
or untreated soils. Considering first the rate, it is at once seen that the 
depression rises only from about .008° to about .015° in ten days to 
about .035°C in sixty days. In some of the soils and especially in the 
sands the rate is still slower. Considering next the extent, it is imme- 
diately observed that the amount of material that went into solution is 
comparatively small. The maximum depression at the end of sixty days 
in any soil is only .057°C or 925 parts per million of solution. In several 
of the soils the quantity is still smaller and in the case of the sand and 
peat it is less than 375 parts per million. 

Comparing now the total amount of material that went into solution 
at the two different sets of moisture content it is seen that the quantity 
is somewhat greater and, especially in some soils, at the water content 
of supersaturation. Thus, at the high moisture content the freezing 
point depression of soils Nos. 9, 11, 12, 14, and 31 is .051°, .049°, .045°, 
460°, and .085°C, respectively. While at the optimum moisture content 
the depression for the same soil in the order named is .037°, .035°, .085°, 
087° and .027°C, respectively. The difference, therefore, in some of the 
soils, is as great as .014° depression in favor of the high moisture 
content. 

The order of extent of solubility of the various soils is not exactly the 
same at the two sets of moisture contents.. In other words, the soils which 
gave the largest solubility product at the high moisture content did 
not do it also at the optimum moisture content. The deviation in the 
order is not very great, but it cannot be stated that there is an absolute 
correlation. 

Rate of Solubility of Natural or Untreated Soils Which Were Pre- 
viously Washed Until All Their Free Soluble Salts Were Eliminated. 
Ratio of Soil to Water was About 1 to .7 and Mixture-Maintained at the 
Temperature of 53°C. 

In all of the foregoing series of experiments the rate and extent of 
solubility of soils under various conditions and treatments were meas- 
ured at room temperature. Now it is known that temperature influences 
solubility. Furthermore, the temperature of the soil under field condi- 
tions changes very markedly during the various seasons of the vear. It 
appeared very desirable, therefore, to investigate the influence of tem- 
perature upon the rate and extent of solubility. For this purpose two 
sets of temperatures were used, 53°C, and below freezing. The investiga- 
tion at the temperature 53°C will be considered first. The procedure 
consisted of placing washed soils in the freezing point tubes, adding 
water to them to bring up the water content to the ration of 1 of soil to .7 
of water, determining the freezing point, stopping the tubes with rubber 
stoppers, and placing these tubes containing the soils in a constant tem- 
perature oven whose temperature was maintained at about 53°C. At 
various intervals these tubes were taken out, opened, their contents 
stirred and their freezing point depression determined again. In order 
to prevent any pressure being produced by the raising of the temperature 
the tubes were opend a few minutes after they were in the temperature 
oven. The process of opening the tubes and stirring the contents also 
tended to eliminate the accumulation of any gas that might be pro- 
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duced in the soil and thus influence the freezing point depression. There 
were in all 16 soils employed. These soils represent several different types 
and practically all the various classes. In order to afford a basis of 
comparison these soils were taken from the same samples as the soils in 
table 22, To ascertain the influence of high temperature upon the rate 
and solubility of soils, therefore, the results in table 22 must be taken 
as basis for comparison. The data obtained are shown in table 24. The 
number of each soil corresponds to the similar soil in table 22. 


TABLE 24.—RATE AND EXTENT OF SOLUBILITY OF NATURAL SOILS IN DISTILLED 
WATER WHEN THE RATIO OF SOIL TO WATER IS ABOUT 1 TO .7 AND MIXTURE 
MAINTAINED AT THE TEMPERATURE OF 53° C, FIGURES REPRESENT FREEZING 
POINT DEPRESSION, 


Days, i i oe 3} 5 | o | 1 | 2 | 2 42 | 66 

ad ee felololeleloelelelolelo. 
1 Wisconsin Superior clay..... Saareann |, .020 .023 | .025 | .025 | a .031 | 031 | .030 | .031 2080") .031 
2 Georgia Cecilelay.......... ate | 006! .007| .009| .010| .010 | .010 |..010 | .011 | .010| .010| .011 
3 Texas Houstonclay................. | 008 | .017 | .015 | .020, 020 | 020 | .022 | .025 | 025 | .025| .028 
4 La.Lufkinelay.............~......; 008] 010} .012| .017| .020| .020| .021 | .021 | .o21 | .024| .026 
5 Michiganclayloam................. | .010| .023 | .028 | .039 040 | .045 | .048 | .049 | -050| .051| .055 
6 Michiganclayloam............. _.| .010 | .033 | .042 | .045 | .052 | .058 060 | .063 | .063 | .065 | .088 
7 California Ramonaclayloam....... | 010 | 020 | .025 | .030 | 034 | .034 | .034 | .035 | .035 | .034| .036 
Se Michigan siltloam:. >-.. 22--,. .--,«-c = 010 | .023 | .034 040 | 043 | .044 -045 | 047 | .050 | .050 054 
9 Michigansiltloam................. .010 | .033 | .040 | .046 | .052 | .055 | .060| .066 | .067 | .067} .070 
10 Michigansiltloam................. 010 -030 | .041 | .046 | .052 | .055 | .056 | .058 | .058 | .080 | .064 
11 Wisconsin Miamisiltloam........... .010 | .025 | .030 | .035 | .038 | .038 | .041 | .044 | .048 | .049| .050 
12 Missouri Summit siltloam........... 008 | a o17 | 025 | .025 | .035 | .035 | .036 | .035 | .036 | .038 
13 Texas Vernon fne sandy loam........ 006 | -020 | .021 | 030 | 032 | -035 | .035 | -035 | .035 | .035 -035 
14 California Hanford fine sandy loam... 010 | 079 | .023 | 022 | .026 | .031 | .030 | .030 | 030 | .030 | .032 
15 California Okley fine sandyloam......| .005 | 005 | 009 | 010 | 010 | 10| .o10| ov] o2| o2| .o1 
16 Michigan fine sandy loam......-. ..| .008 |} .023 | .032 | .034 .038 | .039 | .042 048 050 | -050 | .010 
17 Michigan finesand.................. | 005 | .006 | .006 | .007 008 | .007 | .008 | .007 | .009 | .009 | .052 
is Peat ee SoA sees Set | 008 | -o10 | o10 | .015 | .016 | .o18 | .020 | .020 | .020 | .020 | .030 


From a careful comparison of the data in the above table with that 
in table 22 it becomes at once evident that the temperature of 53°C 
influenced quite appreciably both the rate and extent of solubility, and 
especially of certain soils. It is readily seen that the rate was con- 
siderably hastened and the extent quite appreciably increased, on prac- 
tically all the soils. 

The process of solubility continues for a long time even 60 days, but 
the major portion of the material goes into solution the first three or 
four days. Even -at the end of the first day the solubility product of 
many soils is rather large. The final total amount of material that went 
into solution varies tremendously in the yarious soils. It ranges from 
a depression of .010° in sand (No. 17) to .011° in Cecil clay (No. 4) to 
.013° in Okley fine sandy loam (No. 26) to .038° in silt loam {No. 14) to 
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054° in Michigan clay loam (No.8), to .064° in Michigan brown silt loam 
(No. 12) to .070°C in Michigan brown silt loam. 

The influence of the high temperature on the solubility is very differ- 
ent in the various soils. In some soils it is very marked and in others 
hardly perceptible. In all of the clays, in all the sands and in a few 
sandy loams the influence is rather small, the difference in depression 
being only about .010°, while in practically all the clay loams, silt loams, 
and a few sandy loams the influence is rather large, amounting to a dif- 
ference of depression of over .025°C in some cases. While many of the 
soils, in which the solubility product was greatly increased by the high 
temperature, contained a high organic matter content, there are few 
soils which contained only a very small amount of organic matter and 
yet their solubility product was also greatly increased. Thus, fine sandy 
loam (No. 31), Hanford fine sandy loam contained only a small amount 
of organic matter and yet the amount of material that went into solution 
was greatly increased. Hence, it is not only organic matter which is 
materially affected by the high temperature but also some other soil con- 
stituents. Undoubtedly, however, the organic matter was affected the 
most. 

It is interesting to note the Cecil clay even at the temperature 
of 58°C gave no more material to solution than at the room temperature 
and that it attained equilibrium rather quickly. The amount of ma- 
terial that this soil allowed to go into solution at this high temperature 
is exceedingly small, amounting only to about 250 parts per million. 


Rate and Extent of Solubility of Natural or Untreated Soils Which 
Were Previously Washed and Ratio of Soil to Water was About 1 to .7 
and Mixture Maintained Below Freezing Temperature. 


Having presented the investigation on the effect of high temperature 
on the rate and extent of solubility of soils, the influence of low tem- 
perature on these same factors are now in order. 

This study was conducted by putting washed soils in the freezing point 
tubes with a water content of 1 of soil to .7 of water, determining the 
freezing point depression, then stoppering the tubes, placing them out- 
doors in the cold weather and then at the end of 30 days the soils were 
thawed and their freezing point depression again ceramic The soils 
were placed outdoors during the month of January when the tempera- 
ture for the whole month was always below freezing and most of the time 
at or below zero Fahrenheit. At no time did the temperature rise suffici- 
ently to thaw the soils. The soils, therefore, remained frozen during the 
whole period. The soils used were the same as in the preceding study. 
The results obtained are shown in table 25. 
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TABLE 25.—RATE AND EXTENT OF SOLUBILITY OF NATURAL SOILS IN DISTILLED 
WATER WHEN THE RATIO OF SOILS TO WATER WAS ABOUT 1 TO .70 AND MIX- 
TURE MAINTAINED AT OR BELOW ZERO TEMPERATURE. FIGURES REPRESENT 


FREEZING POINT DEPRESSION. 


| Days. 


Mire bipamie ay Moar cae tn ees) em ee eee ee gene Seth ne SOE Ee 


ao Oo = 


7. Galicia anions Clay loant.. see eesetces se cs, os Se dn oR oa owe oem mtd. 3 aah Pee eke 


Michigan clay:loam: 2.32 /s.< Crasck ee foc heeece on) ese oe Ws ee 8 Ee ee ee, A ae 


11 | Michigan brown siltloam....................-. 


14 | Wisconsin Miami siltloam.....=.....2-..2.....02.0c205. Be Sea Re ern eae A 


{Pale Michigansbrowi'sile loam. is An ty Sic eka emis pees sy ae SE Seti a gh bis De ie hua cies she le 


te havtichigan fine sandy, LOAM: hicne > ace osies caret sb ott = = migiew el herons Sloy-senia oe eee, WN hg ee | 


IPIBCONSUN OUP ELIOL CLAY So.ce0 es s:c oi ele Se rans Ga es nee SER «og Boe noes Pe det ee So hore. cee ; 


' 
[aMichivanclay | Gains 4.< S565 355 55.52 he erate Hk coe oe yc ela ooo seo ae a bela at Sea ee SERIE | - 


IGtt California Okleyatmesandyd Oa s.5~ asec ore ot ct ee See ee oe Feb cee © aS hale SP Sa es es 


30 


A glance at the above data reveals at once the fact that when the 
soils remain frozen no material goes into solution. It is seen that the 
depression of the freezing point at the end of 30 days is exactly the same 


as that at the beginning. 


At this point some very important practical conclusions can be drawn 
from the entire investigation thus far presented. It has been seen that 
the soluble salts of the soil can be so thoroughly washed, or leached 

_ away that the soil for the time being is almost devoid of soluble salts. 
It has also been seen that the rate of solubility is so exceedingly slow 
and especially at optimum moisture content, that the soil requires not 
only days but even weeks to accumulate any appreciable amount of salts. 
Finally, it has been shown that when the soils are frozen the solubility 


process completely and entirely ceases. 


From these facts the practical conclusions that.can be drawn are 
that during the fall months when the rainfall is very abundant, at least 
-in many regions, the soils are quite thoroughly washed and become almost 
devoid of soluble salts. During the winter months when these soils 
freeze, the solubility process is entirely stopped, and consequently there 
is no accumulation of any soluble salts. In the spring months, on account 
of the low temperature and the exceedingly slow rate of solubility 
the amount of material that goes into solution is very small and the 
amount of nitrates formed also small, and consequently the plants do 
uot find an abundance of plant food in solution. This should and prob- 
ably does have an important bearing on soil fertilization that is with 


respect to the time, amount and form to apply. 


Rate and Extent of Solubility of Natural Soils Which Were Pre- 
viously Washed and the Ratio of Soil to Water Was 1 to 5 and Mixture 


Maintained at Room Temperature. 


Definite chemical compounds, at any given temperature, have a defin- 
ite solubility which is independent of the relative masses of the solid and 
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the liquid. Now the soils are not definite compounds and the question 
iises, is their solubility dependent or independent of the relative masses 
of the solid and the liquid. 

It was with the object of obtaining definite information upon this 
important point that the present investigation was undertaken. Inci- 
dentally, this information, it was thought, would throw further light 
upon the subject as to whether or no the solubility of the soils employed 
in the preceding researches has attained equilibrium. This study con- 
sisted of placing 5 grams of air-dry soil in the freezing point tubes, wash- 
ing it several times by decantation and then adding to it sufficient water 
to bring its water content to the ration of about 1 of soil to about 5 of 
water. The mixture was maintained at room temperature and the freez- 
ing point depression determined in the usual way. The data obtained 
are shown in table 26. In order to ascertain the specific effect of the 
relative masses of soil and water upon the solubility, the results of the 
above table must be comnared with the results of table 22 where the 
ratio of soil to water was 1 to .7. For convenience and immediate 
reference the soils in both tables are given the same numbers. 


TABLE 26.—RATE AND EXTENT OF SOLUBILITY OF NATURAL SOILS IN DISTILLED 
WATER WHEN THE RATIO OF SOILS TO WATER IS ABOUT 1 TO 5 AND MIXTURE 
MAINTAINED AT ROOM TEMPERATURE. FIGURES REPRESENT FREEZING POINT 
DEPRESSION. : 


Days. 0 2 4 7 16 23 32 41 53 63 
Ce Ge C° Cc° c° Ce G Cc Ce c° 
1 | Wisconsin Superior clay.......-......--..-- .005 | .007 | .018 | .012 | .013 | .012 | .014 | .013 | .014 .014 
4 | Georgia Cecil clay..................-.--+--| -005 | .007 | .010 | .009 | .010 | .010 | .011 | .010 | .012 011 
8 | Michigan clay loam....................... .005 | .007 | .018 | .016 | .016 | .018 | .€18 | .018 | .020 .020 
Op Michigan) clay loamiaay <u are tei sictereict= 2 .005 | .GO7 | .C18 | .018 | .020 | .021 | -026 | .026 | .027 | .028 
11 | Micnigan dark brown silt loam.............. .005 | .007 | .016 |] .018 | .020 | .022 | .028 | .027 | ..027 .027 
12 | Michigan dark brown silt loam....... See .005 | .007 | .016 | .018 | .020 | .020 | .020] .020 | .022 024 
Michigan dark brown silt loam......... _....| .605 | .007 | .012 | .014 | .014 | .014 | .018 | .020 | .020 021 
14 | Wisconsin Miamisiltloam...............-. .005 | .007 | .016 | .015 | .016 | .019 | .018 | .020 | .020 019 : 
19 | Mississitpi Memphissiltloam............... .005 | .005 | .068 | .009 | .0O0¢ | .010 | .010,] .011 | .010 .012 
31 | Michigan fine sandy loam............-...-- .005 | .007 | .010 | .010 | .010 | .012 | .013 | .012 | .013 013 
96 | California Okley fine sandy loam............ .005 | .006 | .010 | .069 | .009 | .009 | .009 | .010 |. .010 O11 
Michigan fine sand........... fyi ES Pg Se 604 | .004 | .004 | .004 | .005 | .005 | .004 | .005 | .008 007 


A comparison of the above data with the corresponding data in table 
22 yeveals at once the important fact that when the ratio of soil to water 
is 1 to 5 the solubility is much smaller than that when the ratio of soil 
to water is 1 to .7. Indeed, in the majority of the soils the magnitude 
is only half as large at the ratio of 1 to 5 as it is at the ration of 1 to .7. 
Thus at the end of 63 days the depression at the two ratios is as follows 


for the various corresponding soils: 
oD 


Ratio— 
A riOL4? 010 20202-20282 20202: 2024.27 019° O12 2013220 OOO Tee: 
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Ratio— 

1:7 .023° .011° .032° .052° .050° .046° .048° .013° .037° .010° .009° C. 

The further significant fact to be noted in table 26 is that even though 
the solubility product is greatly reduced when the ratio of soil to water 
is 1 to 5, yet an apparent equilibrium seems to be attained at the end 
of about 30 days. This apparent eanilibrium, however, is not attained 
very fast but only slowly and gradually a-condition analogous to that 
in the other series of experiments previously reported. 

It is to be concluded, therefore, that when the ratio of soil to water 
is 1 to 5 respectively the rate of solubility is very slow, the extent ex- 
tremely small, and much smaller than that at the ratio of 1 to .7 or even 
at the optimum moisture content. 

It would now be of interest to compare the amount of material that 
went into solution at the optimum water content with that at the other 
two water contents. These comparisons can be made in tables 22, 25 
and 26. When the comparison is made it is seen that as a general rule 
a slightly greater amount of material went into solution when the water 
content was 1 of soil to .7 of water than it did at the optimum moisture 
content, and the least amount went into solution at the water content 
of 1 of soil to 5 of water. From these results it is evident that the effect 
of the relative masses of soil and water finds a limitation in both direc- 
tions. When the ratio of soil to water is decreased the solubility prod- 
uct decreases, when, on the other hand the ration of soil to water is 
increased beyond a certain point the solubility product is again de- 
creased. 

The diminished solubility at the optimum or at any other low moisture 
content would probably be expected. In the first place a large portion 
of the moisture at the low water contents is unfree. In the second place, 
water in the film form may not dissolve the solid material of the soil 
as readily as the free and excess water. In the third place, the moisture 
at the low water content is not so uniformly distributed in the soil as 
at the high. 


Rate and Extent of Solubility of Natural or Untreated Soils Pre- 
viously Washed and the Ratio of Water to Soil Was 1 to 5 and Mixture 
Maintained at the Temperature of 53°C. 


This investigation is precisely the same as the preceding one, except 
that in this case the temperature was maintained at 538°C. This was 
accomplished by keeping the soils, in the closed tubes, in a constant 
temperature oven of 53°C. The object of this experiment was to study 
the effect of high temperature upon the solubility of soils when the 
ratio of soil to water was 1 to 5. The results procured are presented 
in table 27. These results must be compared with those in table 24, 
where the ratio of soil to water was 1 to .7 and the temperature at 53°, 
in order to ascertain the effect of the relative masses of soil to water at 
high temperature upon the solubility of soils. To facilitate this com- 
parison the soils in both tables are given the same numbers. 
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TABLE 27.—RATE AND EXTENT OF SOLUBILITY OF NATURAL SOILS IN DISTILLED 
WATER WHEN THE RATIO OF SOILS TO WATER IS 1 TO 5 AND THE MIXTURE 
MAINTAINED AT THE TEMPERATURE OF 53°. FIGURES REPRESENT FREEZING 
POINT DEPRESSION. : 


Days. 0 2 4 7 16 23 32 41 53 63 

aon Ale CS |PGes | Ors Ole POou mee nie Orrsl eam clear eee 
1 | Wisconsin Superior clay...................: -005 | .008 | .010 | .010 | .012 | .015 | .013 | .018 | .018 .021 
Ai| (Georgia Cecil clay. -}.,.carcamcmcnrcen canoe -005 | .008 | .008 | .008 | .010 | .012 | .012 | .013 | .013 -014 
Sa], Michigan clayiloams)..c sees. o20 sec eeiece .005 | .012 | .020 | .020 | .021 | .021 | .021 | .021 | .022 .023 
97} Michigan: clay loam) <)0:ac<se cnaaceecde « .005 | .015 | .016 | .028 | .028 | .025 | .030 | .030 | .031 -031 
11 | Michigan dark brown silt loam.............. -006 | .015 | .017 | .029 | .030 | .030 | 2031 | .031 | .030 031 
12 | Michigan dark brown silt loam............. -005 | .012 | .018 | .029 | .030 | .030 | .030 | .030 | .0380 031 
Michigan dark prown silt loam.............] .005 | .008 | .009 | .010 | .012 | .014 | .013 | .013 | ~018 | .020 

14] Wisconsin Miami silt loam................. .005 | .008 | .010 | .020 | .020 | .022 | .022 | .025 | .026 |] .028 
19 | Mississippi Memphis silt loam.............. .004 | .005 | .006 | .009 | .012 |} .011 | .013-| .013 | .013 | .014 
31 | Michigan fine sandy loam.................. .004 | .005 | .008 7 .010 | .013 | .014 | .019 | .018 | .018 | .020 
26 | California Okley fine sandy Joam............ .003 | .004 | .006 | .007 | .010 |} .010 | .010 | .011 | .011 011 
Michiganjfine!sand asses ep aces eet .003 | .003 | .064 oon ic -005 | .006 | 008 | .008 -009 


A critical examination of the results in the above table and of those 
in table 24 makes it at once apparent that even at the temperature of 
53°C the solubility of the soils, when the ratio of soil to water is 1 to 5, 
is greatly less than that at the ratio of 1 to .7. Indeed, the degree of 
solubility in many soils is only one-third as great in the ratio of 1 to 5 
as it is in the ratio of 1 to .7. Thus, the freezing point depression at the 
end of 63 days, was as follows for the various corresponding soils: 


Ratio— 
Feb 0282 0142-2023 2°..031 o> 031.2 SO8E er. 0282 01422020 Ores OSC. 
Ratio— 


Di081 > > 01d <.054°"-068° 20702 06£2 20382 2019'2.0522- 013 S010 2c; 


It is to be noted even at this high temperature that although the con- 
centration is greatly lower at the ratio of 1 to 5 than it is at the 
rate of 1 to .7 yet an apparent equilibrium sets in at the end of about 30 
days and practically no material goes into solution thereafter. It would 
be expected that the solubility at the ratio of 1 to 5 would continue much 
longer and its extent would tend to reach that of the 1 to .7 ratio, but 
such is not the case. 

It is extremely interesting to observe that the solubility product of 
Cecil Clay and Memphis silt loam is extremely low and is not affected 
either by temperature or water content, but remains constant under all 
these treatments. In these respects, it acts very much like the solu- 
bility product of pure sand and quartz sand. This is a very significant 
fact. 

The results of all the preceding series of investigations go to prove 
very conclusively at least one principle, namely, that when the solu- 
bility of a soil becomes constant or stationary it does not mean that 
absolute equilibrium has been attained or that the solution has become 
saturated. This conclusion becomes at once obvious from the fact that 
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the solubility of a soil becomes constant at the various water contents 
before the same extent of solubility is attained and that there is no 
tendency of this equality being attained, no matter how long the soil 
and water remain in contact. Thus, the solubility of soils in a water 
content of 1 of soil to 5 of water becomes constant when it is only half 
as great as that in the same soil at a water content of 1 of soil to .7 of 
water, and that no matter how long the soil is left in contact with the 
water, this equality is not reached. 

From these findings the practical conclusion naturally follows that 
in the humid regions the soil solution never becomes saturated. 


Rate and Extent of Solubility of Subsoils Which Were Previously 
Washed, and the Ratio of Soil to Water Was About 1 to .7 and the 
Mixture Maintained at Room Temperature, 


All the soils employed in the foregoing series of studies were surface 
soils. From various standpoints it appeared very desirable to employ 
also subsoils in the general study on the rate and extent of solubility 
of soils. Accordingly, samples of subsoils at the depth of one and 
one-half feet were taken, washed while fresh, placed in the freezing 
point tubes, added water to them to bring them up to the water content 
of 1 of soil to .7 of water, and then the freezing point depression deter- 
mined as usual. The data procured are epitomized in table 28. 


TABLE 28—RATE AND EXTENT OF SOLUBILITY OF SUBSOILS. RATIO OF SOIL TO 
WATER WAS ABOUT 1 TO .70 AND MIXTURE MAINTAINED AT ROOM TEMPER- 
ATURE. FIGURES REPRESENT FREEZING POINT DEPRESSION. 


Days Oo frat. sa 40) sis | aepreng ees 

Cos E Com Ce alos anG. ele Cosine ee i 
CHEE GAS Sent aan = Dep etn Oe ae ee pear 008 | .615 | .016 | .018 020 | .020 | .020 022 
Cla viloauieeee ate 2 ote ha et elon casks aoa wabdeme Sock eee 009 | .016 | .020 | .020 | .020 | .020 | .020 022 
Ola valOaniectee et. tn aah are be eRe Pel, 0 Pee 010 | .018 | .020 | .020 | .020} .020 | .020 022 
ELM IDAIN She eats eS SoBe eanias 2 ee Beene dee en .G08 | .013 | .013 | .013 | .018 | .018 | .018 020 
SOUT G5 111 es ge ee ee ON OA a Lae ce 007 | .009 | .009 009 | .010 011 O11 012 
TTC Nal (2 1 Se coerce ee a Re 007 | .010 | .O11 011 012 O11 012 013 
Menyetnesatidy, lone Att aa do Se csr cape Ig a ae eee eee .006 | .008 | .009 | .00$ | .010 | .011 | .012) .013 
SOUT E = Sat geet OE es be ee ee Ce ae © eke, a .003 | .004 | .004 | .004 | .005 | .005 | .005 -007 
SET 5 See ae BS Sie ae ONT Re od”, | nae Se ORE | .003 | .003 | .004 | .003 | .005 -004 | .004 -006 


Apparently the rate of solubility of these subsoils is somewhat faster 
than that of the surface soils already considered. On the other hand, 
their extent of solubility is very small, amounting only to about 550 
parts per million in the clays and clay loams and about 150 parts per 
million in the sands, at the end of 78 days. 

The apparent greater rate of solubility of these subsoils over the sur- 
face soils may be partly due to the insufficient washing of the former. 
These subsoils were employed in the fresh condition and many of them, 
and especially the clays, clay loams and silt loams, were so sticky that 
it was impossible to wash them by the leaching process. Hence, the 
salts, probably were not all washed away and went into solution rather 
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rapidly. On the other hand, it must be stated that practically all soils 
which show a small solubility product like these soils do were found to 
give nearly always a high rate of solubility. 


SUMMARY. 


In the present bulletin there are presented the results of an investiga- 
tion on the rate and extent of solubility of soils under different salt, 
fertilizer, and acid treatments, at different moisture contents, and at 
various temperatures; also of different types of untreated soil contain- 
ing various quantities of organic matter and different degrees of fineness 
of particles. 

The method employed in measuring the rate and extent of solubility 
of soils was the freezing point method. The method proyed ideal for 
the purpose. 

The general procedure of the investigation consisted of washing the 
treated or untreated soils with distilled water until all their free soluble 
substances were eliminated and their freezing point depression was 
very close to that of distilled water. For determining the rate and ex- 
tent of solubility at the high moisture content the washed soils were 
placed in glass freezing point tubes, the proper amount of water being 
added, and their freezing point depression was determined very often 
for a long time. For determining the rate and extent of solubility at 
low moisture content the washed soils were placed in glass tumblers, 
after they had reached the optimum moisture content, placed outdoors 
under natural conditions, and. their freezing point depression was de- 
termined at certain set intervals. 

There were three different water contents employed, an optimum, a 
ratio of 1 of soil to .7 water, and a ratio of 1 of soil to 5 of water. 

There were also three different temperatures used, below freezing, room 
temperature and 53°C. 

When different classes of soil were treated with tenth normai salt 
solutions of Ca(NO.),, NaNO,, KNO,, KCL, K,SO,, (NH,).SO,, MgSO,, 
KH,PO,, CaH,(PO,), and NaC,H.O, and then washed until all their 
free soluble salts were eliminated and their water content consisted of 
1 of soil to .7 of water and kept at room temperature, it was found (1) 
that the rate of solubility of all the salt treatments except (NH,).SO, 
was slow and gradual and the process continued for a long time even 120 
days, but usually for about 50 days. In the case of the (NH,).SO, 
treatment the velocity was quite rapid at the beginning, but it soon 
slowed down. At the end of about 60 days there was an apparent con- 
stancy or equilibrium in the solubility. , 

(2) The extent of solubility, or the amount of material that went 
into solution when the apparent constancy was attained is very appre- 
ciable in all the salt treatments and in all the soils, with few exceptions. 
All the soils except sand, treated with NaNO,, KNO,, KCL, K,SO,, 
(NH,),.SO,, MgSO, and. NaC,H,O0, yielded quite a large amount of 
material to solution. Thus, the depression in many cases rose from 
.005° to about .110°C or from 125 to 2750 parts per million of solution. 
The only salt treatments which did not cause a large solubility product 
are the Ca(NO.)., KH.PO, and CaH,(PO,),. The depression in some 
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of these salt treaments rose only from about .007° to .015°C or from 175 
to 875 parts per million. As a general rule the NaNO, and NaC,H.0O, 
treatments in all the soils, except sand, tended to yield the greatest 
solubility product, the CaNO., KH,PO, and CaH,(PO,), the smallest 
and the KNO,, KCL, K,SO,, (NH,).SO, and MgSO, an intermediate 
In many soils the CaH,(PO,), and in a few cases the Ca(NO,), and 
KH,PO, treatments did not only give the smallest concentration but 
even a smaller concentration than the check. Evidently these salts 
tended to have an indifferent or depressing effect upon the solubility 
of soils. As a whole it appears that the phosphates tend to depress 
solubility and that they probably act as conservers of bases under field 
conditions. 

The results of solubility of these singly salt treated soils go to indicate 
that a salt or fertilizer treatment leaves a residual effect upon the soil 
and this residual effect continues to be manifested in increased solubility 
and in increased crop-producing power. 

These data also go to indicate that the reaction between soils and 
salts seems to be chemical and not physical. 

In view of the different residual effects that the different salts or 
fertilizers have upon the solubility of soils and in view of many theo- 
retical and practical considerations, the solubility factor cannot be con- 
sidered an absolute or reliable criterion for the state of fertility or crop- 
producing power of soils. In general, however, it can be said that a 
very heavily fertilized or extremely rich soil gives a greater solubility 
product than an unfertilized or poor soil. 

Although the solubility attains a constancy at the end of about 60 
days this constancy is not a true equilibrium. In other words, the solu- 
tion is not saturated when solubility ceases. This is proven by the fact 
when different proportions of soil and water are employed an apparent 
equilibrium is attained in all the ratios and yet the solubility product 
is not at all the same when the equilibrium is reached, and it does not 
become the same no matter how long the soil and water in the different 
ratios are kept in contact. Furthermore, a consideration of the char- 
acter of the soil makes it extremely doubtful if true equilibrium can ever 
be attained in the soil solution. 

The solubility process of the soils would undoubtedly go on for a long 
time and probably almost indefinitely, in view of the extremely slow 
rate of solubility, if some factors did not intervene. 

When different soils were treated with a combination of salts includ- 
ing Ca(NO,),, NaNO,, KNO,- KCL, K,SO,, (NH,),.SO,, MgSO,, KH,PO: 
CaH,(PO,), and NaC,H,O, and washed and kept under the same condi- 
tions as the preceding, their rate of solubility was also slow, but the 
extent of solubility was very appreciable. In this combination the phos- 
phates did not depress the solubility very markedly, but when the 
(NH,).SO, and NaC,H.0, salts were left out from the combination then 
the depression became more marked. 

When experimental field soils from the Experiment Stations of Illinois, 
Cornell, Rhode Island and Ohio, which had been receiving fertilizer 
treatments in the usual way, were washed, and kept at the moisture 
content of 1 of soil to .7 of water and at room temperature, their rate 
of solubility was also very slow, but their extent of solubility varied, 
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being rather appreciable in some of them and quite small in others, and 
this variation did not bear a close connection to the previous fertilizer 
treatment. In other words, there was no close relationship in all the 
groups of soils, between the amount of material that went into solution 
and the previous fertilizer treatment. These results are in general 
agreement with those of the single salt-treated soils. 

Even when these same experimental field soils were kept at the opti- 
mum moisture content, and placed outdoors under natural conditions, 
failed to give a solubility product which bore a close relation to the 
previous fertilizer treatment. Again, even at the optimum moisture 
content the rate of solubility was very slow, but the extent of solubility 
was quite appreciable, but far smaller than that of the salt-treated soils. 

The results of both series of studies of the field experimental soils go 
to emphasize the principle already announced that the solubility factor 
is not an absolute and reliable criterion of the state of fertility or crop- 
producing power of soils. 

Tn the soils treated with acids of HNO, HCL, H.SO,, H,PO,, H.C.0O,, 
HO,H.O,, and C,H,O,, and washed and their moisture content was 1 of 
soil to .7 of water and kept at room temperature, their rate of solubility 
was quite rapid, but their extent of solubility varied, being very small in. 
the case of the inorganic and slightly higher in the phosphoric ness and 
quite appreciable in the organic acids. 

In the natural or untreated soils, which were washed, kept at. room 
temperature and at a moisture content of 1 of soil to .7 of water, both 
the rate and extent of solubility varied considerably between the differ- 
ent soils. In some soils both were rather appreciable, in. others they 
were very slight. In these soils, which numbered about 50, and included 
nearly all the different classes and many types, there was no close and 
consistent relationship between the solubility factor and the class of 
soil, the organic matter content and the fineness of particles. 

Practically the same type of results were obtained in these various 
types and classes of untreated soils when an optimum moisture content 
was employed and the soils were kept outdoors under natural conditions. 
In some soils more material went into solution when the moisture con- 
tent was 1 of soil to .7 of water than when the moisture content was at 
optimum. 

On the whole there was a closer relationship between the solubility 
factor and the state of fertility or crop producing power when the mois- 
ture content was 1 of soil to .7 of water than when the moisture content 
was at optimum. 

When natural soils, previously washed, and having a moisture con- 
tent of 1 of soil to .7 of water, were kept at a temperature of 53°C their 
rate of solubility was somewhat appreciably increased. In some soils, 
however, these factors were not at all affected by the high temperature. 
The solubility of many soils even at this high temperature continued for 
a long time, even 60 days, but usually it became constant at the end of 
about 30 days. 

At the ratio of 1 of soil to 5 of water the rate of solubility of natural 
soils is also slow and the extent of solubility extremely small. In fact, 
the amount of material that went into solution at this water content is 
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only about half as great as that at the water content of 1 of soil to 7 
of water, and yet an apparent equilibrium was attained at this high 
water content, just as it was in the lower water content. 

When the soils, having a ratio of 1 of soil to 5 of water, were kept 
at the temperature of 53°C their rate and extent of solubility were 
slightly increased. The solubility product, however, was only about 
one-third as great as that of similar soils kept at the same temperature 
but having a ratio of soil to water of 1 to .7 respectively, and yet an 
apparent equilibrium was attained in the high ratio just as in the small 
ratio. 

The results of the experiments wherein were used the ration of 1 of 
water to 5 of soil go to indicate very strongly that the concentration of 
the soil solution depends upon the relative masses of the soil and water 
and that the soil does not possess a definite solubility like definite com- 
pounds do. 

The amount of material that goes into solution seems to increase as 
the ratio of soil to water is increased up to about the optimum moisture 
content and then it decreases. 

It is thus seen, that the rate and extent of solubility of soils are 
affected by many soils. 
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